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lron Oxide Purifiers with Valve Manifold and Cover 
Lifting Crane. Also built in high pressure design. 


Automatic Controls, Gauge Boards, and accessories. 


Tar Dehydration Equipment. Cooling Scrubbers, Multiple Spray 
Type, with Gas Liquor Coolers. 





GASMACO has these and many other items for the gas plant, such as equipment and 
processes for thermal or catalytic cracking of hydrocarbon feeds and for liquefaction, 
storage and regasification of natural gas. 
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aa long experience in specializing 
with us... it is our main : a 
in odorization only . . . real 


and only business, experts in their chosen field. 


iy a. J = 6 Prom Nii ul {| an — a) 
. Be Li FE : — ie oo Liisa 


NATURAL GAS ODORIZING CO., INC. 


3 We carry on continuous research for the purpose 
* 





* of continually improving our product and serv- 
ice. Our engineers and research men are deter- 
mined that CAPTAN will always be far the best, 
the most uniform, and the most reliable odorizing 
product made. 


Our manufacturing facilities are the very finest 
@ that can be made for the purpose of assuring a 
uniform product made in quantities to take care 
of our ever growing business of leading customers 
located throughout the United States, Canada 


“eer ; , and Mexico. 
We give you unexcelled service. Our highly 


trained engineers are ready to go to your plant 
at a moment’s notice by the quickest means of 
transportation. Immediately upon solving your 
problems, we can get the right product to the 
right place quickly because our distribution sys- 
tem includes well stocked warehouses located at 


strategic points. 


there is no substitute for experience... 


@ Ic takes time to develop a dependable product and to develop the know-how that enables our 
engineers to offer such helpful service no matter what the problem may be. 


@ Ic not only takes time but it takes persistence and research. The policy of our company is to 


strive continuously to perfect our products and our service. 


® Take no chances. Do as so many other leading companies have done —companies that have 
repeatedly ordered CAPTAN — standardize on CAPTAN products and service which are the 
finest that science and specialized effort can devise. 


® Assure yourself of the highest uniformity in product and performance by specifying CAPTAN. 
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Gas Industry Communications Expandin 


ent need for communication by the 

gas industry—from the production 
area to the customer’s door—has been 
met by the scientists and engineers of the 
communications industry. In fact, full 
utilization of the potentials in current 
communications developments has not 
been reached in the gas industry and 
may not be reached for a five-to-ten year 
period. In the meanwhile, research will 
further advance the techniques to an 
extent that will provide the gas industry 
with new speeds, dependability, and pre- 
cision for more flexible and more eco- 
nomic operations. 

Three general needs for communica- 
tions apply to the gas industry: spoken, 
written, supervisory and operational 
control. Quite naturally, several factors 
determine the type of communication 
service or equipment to be used by a 
specific company, as well as the extent of 
the use. Some considerations are: 


Test nce tor communi every pres- 


character of company’s operations 
—exploration, processing, 
transmission, distribution; 

size of company’s operations 
—including extent of geo- 
graphical spread and complex- 
ity of operational facilities; 

number of operating employees; 

anticipated expansion; 

calculated economics of improved 
communications. 


Determining the application of com- 
munications equipment or services to 
gas industry requirements is susceptible 
to rather conclusive and precise analy- 
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Photo 
Boston 
Consolidated Gas Co. 


sis. The exhaustive survey methods of 
communications engineers give full con- 
sideration to the vast array of factors 
within the gas industry and within a 
specific company to assure adequacy for 
the present and the foreseeable future. 

With that in mind, it is an urgent 
recommendation that gas industry execu- 
tives, when contemplating expansion or 
initial adoption of communications sys- 
tems, confer with and depend upon 
the highly-specialized and widely-expe- 
rienced engineers of communications 
companies. Many pitfalls, technological 
and economic, can be avoided by calling 
upon those services—fully. In practi- 
cally every instance, requirements are 
for more than a simple pair of wires with 
an instrument on either end. As the gap 
from that simplicity widens, the tech- 
nologies—but not necessarily the com- 
plexity of the required equipment—ex- 
pands. 

In a simple listing, the overall gas in- 
dustry utilizes these types of communi- 
cations equipment and facilities: 


Telephone 
internal systems 
local and long lines 
Telety pewriter 
Radio 
portable 
mobile 
fixed stations, in very-high fre- 
quency (VHF) and ultra- 
high frequency (UHF) 
ranges for point-to-point 
transmission 
Generally audible systems, “squawk 
box” type of equipment 


by Hilding H. Carlson 





Telephone facilities and equipment 
range from private internal systems to 
leased long lines that extend for more 
than 1,000 miles. 

In turn, private internal systems, with 
no connections to telephone company 
facilities, may be as simple as two or 
three telephone instruments or as exten- 
sive as an Organization and its geograph- 
ical distribution require. 

One or both of two broad purposes 
are served by private telephone systems. 
First, the elimination of internal calls 
through the outside telephone switch- 
board and thereby generally speeding 
all telephone service. Second, communi- 
cations economies may be possible. 

In the simplest form, the installation 
of the private telephone systems require 
little more than basic wire interconnec- 
tion of the instruments. Push-buttons, 
one for each instrument in the system, 
are used to signal a call by bell or buzzer. 
Power is supplied either by transformer 
connection to 110 volt circuits or by 
automatically-recharging batteries. 

When a more extensive system is re- 
quired for internal telephones, the pri- 
vately-owned equipment is more com- 
plex and utilizes dial-type telephone 
instruments. These systems include auto- 
matic unattended switchboards that op- 
erate on the same principle as the larger 
switchboards in the public telephone 
company systems. 

In both the small and large private in- 
ternal telephone systems, maintenance of 
service and equipment is a considera- 
tion that is cared for by the choice that 
fits individual company requirements: 


If the system is a simple one, per- 
sonnel in the maintenance de- 
partment, with other duties, 
can be trained easily by the 
equipment manufacturers to 
maintain service. 

For the more extensive private sys- 
tem, one man or a staff of 
men may have to be assigned 
exclusively to telephone main- 
tenance as specialists. 
some instances, equipment 
manufacturers have conven- 
ient branch locations th: 10 
clude maintenance staff: that 
service customers’ equip” cnt. 

sone 


With respect to internal tele; 0! 
nies 


service, the local telephone com; 
quite generally will install equipme | [0 
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direct dialling, on the same instruments 
that are used for outside calls. These in- 
ternal calls do not require the attention 
of an operator. 

While some confusion might appear 
in the choice of private internal system 
or telephone company-operated internal 
system, the decision, again, rests with the 
results of individual study of costs and 
service. 


Telephone companies’ services 

Local telephone company service of- 
fers an excellent opportunity for en- 
hancing gas utility public relations. A 
special sequence of telephone numbers 
can be applied exclusively to the cus- 
tomer-service department and then, if 
the first number in the series is publi- 
cized fully to the customers, all incom- 
ing calls will be routed directly to the 
customer-service clerks without delay 
and unnecessary conversation or han- 
dling by the switchboard operator. The 
first gas company voice will, presumably, 
be prepared to handle all details of a 
customer’s call. If information from 
other departments is required in the 
process of a call, a “hold” button on 
the clerk’s desk makes it possible for 
the clerk to call on the same instrument 
for the information and then return to 
the customer’s call. Additional button- 
facilities at these service clerks’ desks 
permit other gas company personnel, 
such as those in the accounting depart- 
ment, to talk directly with the customer 
during the same conversation. 

Local and long-lines telephone com- 
panies combine to offer a wide range of 
individualized service to the transmission 
and distribution segments of the gas in- 
dustry. From an analysis of communica- 
tions requirements, as viewed by a pipe- 


line or utility company, and reviewed by 
telephone company industrial engineers, 
specific service recommendations are 
formulated. 

The telephone companies’ engineers 
find that gas company executives expect 
that the latest electronic and radio devel- 
opments are to be applied to the facilities 
that operate in any leased communica- 
tions system for which they contract. 
Words such as “transistors” and “micro- 
wave” flow freely in the initial descrip- 
tions of gas company requirements. While 
these latest proven developments are 
utilized in the multiple-facilities operated 
by the telephone companies, many other 
technical considerations must go into the 
planning of an adequate and economic 
service. Microwave might well be uti- 
lized, but buried cable and the “much 
maligned,” simple, pole-strung, open- 
wire systems also are carrying heavy 
volumes of gas industry communications 
traffic. 

From the telephone companies’ view- 
point, they are offering to provide a 
specialist service and the highly-indi- 
vidualized planning for their customers 
contemplates using the facility or com- 
bination of facilities that will fill the 
requirements to the best operating ad- 
vantages. 

In general, the telephone companies, 
through the combined local and long- 
lines services, are providing the gas in- 
dustry with three types of communica- 
tions: voice, teletypewriter and pulsa- 
tion. 

For voice and teletypewriter com- 
munication, the telephone companies 
supply all operating equipment. 

Teletyping, while a pulse operation, is 
distinguished here from the other pulse 


operations of remote supervision and 
control. In those operations, the tele- 
phone companies supply only the facili- 
ties; not the operating equipment. The 
operating equipment and their systems 
were developed and are manufactured 
by the established instrument companies, 
with the telephone companies furnish- 
ing terminal equipment, such as dials 
for station selection and the necessary 
relays, for pulsation operations. 

An assurance by the telephone com- 
panies, of importance to gas industry 
communications, is that the electrical 
balance of a relay system provides full 
response, in strength and frequency, at 
points distant from the origin, so that 
pulsations will be constantly as required 
for the purposes involved. 

Here are gas industry examples of 
leased service available from telephone 
companies: 

A 1,200-mile transmission pipeline 

. terminal-to-terminal telephone net- 
work . . . compressor station contacts, 
en route . also, teletype network 
. . . dial operation for selective com- 
munication in both services .. . net- 
work protected against service interrup- 
tion by fully-planned routes for alter- 
nate service. 

A gas utility . telemetering unat- 
tended remote stations . . . dispatcher 
selects station to be metered by dialling 

readings come back, automatically, 
to direct-reading instruments at dis- 
patcher’s desk . . . changes in remote- 
station operations ordered by subsequent 
dialling . instruments and mechani- 
cal controls at remote station effect the 
ordered changes . . . verification of or- 
dered changes indicated on instruments 
at dispatcher’s desk. 








This is the two-way radio communications sys- 
tem of Northern Natural Gas Co. consisting 


dispatch points. 
Drawing Northern Natural News 


of 35 fixed stations, 391 mobile units and 33 
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Privately-owned radio systems 

Quite aside from the leased services 
of the telephone companies which in- 
clude the use of radio facilities as they 
are advantageous, gas companies and re- 
lated service companies operate their 
own radio facilities. The full range of 
civilian equipment is covered within the 
term radio, as it applies to the gas in- 
dustry. 

As in every other type of equipment 
selection, only an individualized study 
can determine the extent to which radio 
communications can and should be ap- 
plied to the operations of a gas com- 
pany. The same study would reveal the 
most advantageous types of equipment. 

The factor of distances is an early 
consideration, in the application of radio 
equipment to gas industry communica- 
tions. 


Walkie-talkies 

Portable, or walkie-talkie, equipment 
has a relatively short operating range. 
The range will vary, depending upon 
local conditions and the equipment se- 
lected, from one to five miles. However, 
those limitations are not, in general, a 
handicap because of the use to which 
portable equipment would be put. The 
usual application is in those cases where 
a man can walk but a truck could not be 
driven. 

Light portable two-way radio equip- 
ment is available in pack-on-back and 
in heavier hand-carried construction. Ob- 
viously, the lighter equipment is de- 
signed for the shorter operating ranges. 

The power for these transmitters-re- 
ceivers is either from dry cell batteries 
or wet rechargeable storage batteries. An 
important consideration in selecting the 
type of battery is the degree of confi- 
dence that can be placed in the care 
which will be given to the equipment by 
the personnel that uses it. Wet storage 
batteries must be kept in the upright 
position; spilled acid from the batter- 
ies would destroy most of the radio 
equipment that it touched. 

Portable radio equipment offers a re- 
markable saving in time and an immedi- 
ate coordination of operations—unavail- 
able without this means of close com- 
munications. 

In every case where a man must go 
to some operating part of a gas system 
on foot, he can report, request materials, 
or coordinate his operations with other 
points directly from the point where he 
is working. As an extreme example: two 
men work their ways through deep snow 
to two regulators that are well off the 
nearest plowed roads. If they are within 
direct radio operating range, they can 
communicate with each other to coordi- 
nate their work, from the regulators; if 
the distance is too great for direct com- 
munication, the men will communicate 
with mobile radio equipment in trucks 
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At a point inaccessible 
to a truck, this pipe- 
line worker of the 
Charleston Group, Co- 
lumbia Gas System, is 
in direct communica- 
tion with his base 
through his walkie- 
talkie. 


Photo The Pipeline 








and coordinate their work through them. 
Possibly, a truck will be located near 
the points where each man left the road, 
in which case the two trucks will be in 
the “network.” In turn, the trucks can 
communicate reports, requests and co- 
ordinate operations for the gas system to 
higher-powered, longer-ranged base sta- 
tions. 

Summarizing the flexibility of com- 
munications with walkie-talkie equip- 
ment: 


man-to-man; 

man-to-truck; 
man-to-truck-to-man; 
man-to-truck-to-truck-to-man; 
man-to-truck-to-base station. 


From the base station, internal com- 
munication can proceed in whatever 
manner the situation requires. 

Walkie-talkie equipment is applicable 
to the operations of the gas utilities, 
transmission pipelines, producing com- 
panies, gathering systems, geological 
crews, and the various companies that 
provide specialized services to the gas 
industry. 


Mobile radio equipment 

Radio equipment that is installed per- 
manently in cars, trucks or other types 
of automotive equipment is in the mobile 
radio class, operating in the very high 
frequency (VHF) section of the radio 
spectrum. More and more, the tell-tale 
“hatpin” type of antenna, on the tops 
of cars and trucks indicate the widening 
use of mobile radio for the communica- 
tions that are vital to gas industry op- 
erations. 

It is no exaggeration to state that 
whatever need for communications ex- 
ists among the “rolling” personnel of a 
gas utility or transmission pipeline com- 


pany, can be met by mobile radio equip- 
ment. 

Already proved for its tremendous 
savings of time—the virtually-incalcu- 
lable factor in gas industry operations— 
mobile radio has reduced all personnel 
distances on a gas system, in effect, so 
that they are face-to-face. Overall effi- 
ciencies increase when individuals and 
crews are coordinated in that manner. 

The current development of mobile 
radio has advanced the equipment to 
permanent installations in vehicles with 
provisions for selective communication. 
Gone are the days of constant squawk- 
ing in all loud speakers in order to con- 
tact one car or truck. Now, if the base 
station wants to talk with “Car 12,” only 
the driver of Car 12 needs to know he is 
being called. 

The operating range of mobile radio 
equipment is substantially greater than 
walkie-talkie equipment and, in general, 
matches the range of the base station. 
The geographical pattern of the range 
is circular, but this may vary depending 
upon local characteristics. Car-to-car 
contacts have been made at distances as 
great as 120 miles, though such dis- 
tances cannot be described as usual or 
dependable. However, shorter distances 
are dependable and communication is 
relatively free of atmospheric interfer- 
ence. 

The installation of mobile equipment 
is a simple matter. Little space is re- 
quired for the compact equipment and 
it may be located wherever it wi'! be 
most convenient. Only one small ole, 
for the antenna, is necessary in th eX- 
terior of a vehicle. é 

Power requirements for mobile : dio 
equipment are greater than the ca: acl 
ties of most auto generators. The s: »ply 
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ym a heavy-duty generator, belt- 

n by the engine. 

e equipment is as light as 28 
pounds and has been designed to with- 
stand roadshock. Temperatures in the 
ranve from below zero to well up in the 
100’s will not affect the operation of 
mobile equipment. 

In a well-designed gas industry com- 
munications system, the base stations 
are located so that their individual ef- 
fective ranges overlap. This provides 
assurance for contacting all vehicles with 
radio equipment, through the intercon- 
nection of the base stations. The inter- 
connection most usually is by radio, 
though there is no reason why it cannot 
be by land wires. If Car 12 does not 
respond to a signal transmitted from the 
Base Station A, and it is known that the 
car’s location is somewhere in the fringe 
area of Station A’s effective range, the 
operator at A dials Base Station B, prob- 
ably unattended, and thereby puts it 
“on the air” so that he can use it in re- 
mote operation to call Car 12.-The re- 
sponse from the car probably is to Sta- 
tion B, which automatically relays back 
to A, all by radio. It is quite apparent 
that, similarly, if another car usually in 
contact with the much more-distant Sta- 
tion D is to be called, the same dialling 
procedure would be followed. Also, if 
Car 12, working through Station A, 
wanted to contact Car 24, working 
through Station D, the operator at A 
could quickly provide the facilities to 
both cars. 

Testing procedure before starting ac- 
tual operations should include specific 
mapping of the dependable range of 
each base station, as well as locating any 
dead-spots within the range. Such basic 
information overcomes later operating 
delays. If it should become necessary to 
set up communications for an emer- 
gency from a dead-spot that cannot be 
overcome by power or antenna height, 


it can usually be accomplished through 
assigning a car to a location that is out- 
side the dead-spot and then communi- 
cating by oral-relay from the car in the 
dead-spot to the car outside the dead- 
spot and then to the base station. The lo- 
cations of cars for dead-spot emergency 
operations should be at tested, prede- 
termined points, to save valuable time 
when time would be of high value. 
Summarizing the use of mobile radio 
equipment, by type of contact: 


car-to-base station; 

car-to-car, direct; 

car-to-car-and-base station; 

car-to-base station-to-car; 

car-to-base station-to-distant base 
station-to-car. 


In turn, walkie-talkie equipment may 
be used, but not coupled directly into the 
network. The primary contact from a 
walkie-talkie would be to the man in the 
car who would then orally relay the mes- 
sages through his mobile equipment. 
However, this type of relayed walkie- 
talkie contact with distant locations is 
entirely practical. 


Fixed base stations 

Base stations, at fixed locations, op- 
erate in the very-high frequency (VHF) 
range and transmit a broadcast-type of 
signal that can be received anywhere 
within the effective range of the station. 

The range of fixed stations depends, 
first, upon the power that is applied to 
the transmitter and on the local condi- 
tions of terrain and the heights of the 
transmitting-receiving antenna. 

Base stations in the VHF range are 
used for two-way or three-way voice 
communication. Stations may also in- 
clude other coupled equipment for ultra- 
high frequency (UHF) microwave trans- 
mission with a vast range of gas industry 
operating potentials, including the actual 





Information from a map being transmitted, 
above, to mobile unit of United Gas Pipe 
Line Co. from Houston engineering depart- 
nent. Driver, right, is communicating with 
Houston office. Stenciled “KB 7918,” on dash, 
is the United transmitter; “Car 1077” is mo- 
bile unit number. 


Photos United Gas Log 
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operating control of unattended VHF 
facilities. 

The description of mobile radio equip- 
ment included reference to dialling an 
unattended remote base station for the 
purpose of communicating with a car 
that was within the operating range of 
the remote station. The dial operation 
of the station is usually effected through 
microwave pulses, which will be de- 
scribed in later paragraphs. However, 
if a microwave system is either not in a 
gas company’s communication plan or 
contemplated for it, the interconnection 
for remote base station operation can be 
by wire, either owned or leased from the 
telephone companies. 

Unattended base stations that nor- 
mally are under microwave or wired 
control from a headquarters station may 
be taken off that remote control if a 
situation arises to require local control 
for the coordination of scattered crews 
or individuals. Disconnection and recon- 
nection of a base station is a simple mat- 
ter of switching at the transmitting-re- 
ceiving equipment. The station may be 
operated while an emergency or con- 
struction condition exists, without inter- 
fering with the operation of other un- 
attended base stations on either side of 
the one that is being operated by local 
control. When it is no longer needed for 
the unusual local communications, it is 
returned to the network for remotely- 
controlled operation. 

At this point, specific gas industry 
utilization of fixed base stations becomes 
rather obvious. Summarizing: 


base station-to-vehicle or vehicles, 
directly and simultaneously; 

base station-through unattended re- 
mote base station-to-vehicle. 


Microwave systems 

Microwave radio is now regarded as 
the miracle-drug for communications 
problems. Transmission is extremely 
precise and has the general characteris- 
tics of light. It can be direct from exact 
point-to-exact point; it can be defracted, 
refracted and reflected. 

This part of the radio spectrum is in 
the ultra-high frequency (UHF) range. 
Transmissions are limited to the line of 
sight from the antennas. 

Microwaves can be beamed from 
point-to-point, as compared with the 
broadcast-type of radiation in VHF 
transmission. And it is this beaming 
characteristic that is put to work in gas 
industry communications. 

It seems to be quite generally agreed 
that where four or more channels of 
communication are required for the op- 
erations of a company, and a consider- 
able distance is to be covered, the eco- 
nomics of a privately-owned microwave 
system offer an inducement for detailed 
study. However, the need for four or 
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more channels is not to be considered as 
the sole criterion for determining that 
a microwave system should be adopted. 
The previous recommendation still 
stands, for exhaustive study, in the broad 
terms of investment, operating-mainte- 
nance costs and the requirements for 
service at present and in the foreseeable 
future. 

A microwave system, described in the 
most general terms, consists of a series 
of radio relay stations which operate in 
both directions to specific points in a 
gas industry system. The points may be 
either on a continuous line or on 
branches off the continuous line. The 
relay stations include equipment for 
passing the transmissions to the succeed- 
ing stations or terminating the transmis- 
sions at any station that is selected. The 
stations may be either attended, from 
the viewpoint of other company opera- 
tions at those specific points, or com- 
pletely unattended. 

Whatever number of channels of com- 
munication have been provided for a 
system may be operated simultaneously 
in. the same manner as though there were 
a pair of wires for each channel. 

A single microwave channel can be 
subdivided to provide at least 18 nar- 
row subchannels for non-voice commu- 
nications. In turn, all the subchannels 
may be operated simultaneously with- 
out interference. 

The capacity of a microwave system 
can be illustrated: A gas company in- 
stalls a basic provision for a 24-channel 
system, but has a present use for only 
eight voice channels, eight teletype chan- 
nels and wants 72 channels for opera- 
tional purposes such as telemetering and 
operating control. The eight voice chan- 
nels occupy a full microwave channel 
each, the eight teletype circuits go into 
one microwave channel and the 72 nar- 
row operational channels go into four 
microwave channels. The total utiliza- 
tion by that company would be 13 of 


the 24 channels. Thereby, present re- 


quirements have been filled and 11 


channels remain for future expansion 
of their communications system. 

The operational purposes referred to 
in the preceding paragraph include the 
newer gas industry applications of elec- 
tronics for remote meter reading and 
remote control of mechanical equip- 
ment. The present applications are prop- 
erly regarded as only-the-beginning. 
Dependability of operations has been 
assured, from the practical viewpoint, 
by built-in safeguards and equipment 
that perform such functions as instan- 
taneous changeover to generator-opera- 
tion when purchased power goes out, au- 
tomatic-activation of the standby trans- 
mitters and receivers at remote and 
unattended stations, automatic trans- 
mission of signals that report to head- 
quarters stations any changes from 
normal operations at individual remote 
stations. In fact, the degree of depend- 
ability has reached the point where it is 
only a matter of deciding how much of 
an expenditure is desirable and justified 
for auxiliary equipment and condition- 
signalling systems, to maintain full-time 
microwave operation, regardless of com- 


ponent failures in the basic equipinent 
units. 

The mechanical equipment for gas in. 
dustry operations that is actuated by 
radio pulses was developed by the in. 
strument and control manufacturers 
working in close coordination with the 
radio equipment manufacturers. This 
coordinated developmental work, for the 
extension of precise remote control, con- 
tinues and has led to the studied con. 
clusion that unattended continuously-op. 
erating gas transmission and distribution 
stations and equipment will become 
common, if not usual, during the next 
decade. In addition to economic consid- 
erations, such operations have the ad- 
vantage of making possible instantane- 
ously balanced changes in system opera- 
tions as required. A centrally-located 
supervisor can signal and effect the re- 
quired changes in seconds without giving 
verbal instructions. 


Communications regulation 

Government regulation of commv- 
nications, largely by the Federal Con- 
munications Commission, serves the 
purpose of providing channels of com- 
munications that will neither interfere 
with nor be affected by other, unrelated, 
operations. FCC rules and regulations 
which must be complied with include: 
the parts of the radio frequency spec- 
trum in which the gas industry may 
operate, and the technical character of 
the transmission. 

The radio equipment manufacturers 
simplify compliance with FCC require- 
ments, first, through the built-in charac- 
teristics of the equipment and, second, 
by their intimate knowledge of all other 
requirements. That is not to say that an 
individual gas company should not learn 
and know the requirements directly from 
the regulations issued by FCC and then 











Close-up of reflector in a typical 
microwave system. This late develop- 
ment, uses a mesh-type parabola, 
6’ in diameter. Two very-high fre- 
quency (VHF) antennas, at the tops 
of the verticals, are used for com- 
munications with mobile units. 


Photo Federal Telephone 
and Radio Corp. 
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operate their radio equipment accord- 
ing 

,other Federal agency with regula- 
tions that bear on radio equipment is 
Civil Aeronautics Authority. Here, the 
principal consideration is compliance 
with requirements for lighting of radio 
towers that might present a hazard to 
low-flying aircraft. 

A relatively new regulatory consid- 
eration stems from some states and 
municipalities that now require special 
licensing of specified types of radio 
transmitters operating within their re- 
spective jurisdictions. One factor in this 
connection is the ability to transmit or 








listen within the frequencies used by 
police agencies. Specific information on 
local radio regulations should be ob- 
tained by gas companies or service com- 
panies to the gas industry. The offices 
of the state or municipal attorneys are 
suggested as appropriate sources of in- 
formation. 

Gas companies that avail themselves 
of the range of services offered by the 
long lines and local telephone companies 
are relieved of all regulatory responsi- 
bilities that relate to those services, since 
those are the concern of the telephone 
companies. 








Techniques bear watching 

Forecasting distant futures has proved 
to be generally risky and rather point- 
less. Communications in the gas indus- 
try, as now constituted and in line with 
the trend of its expansion, will have 
enlarged and more precise importance 
during the years immediately ahead. 
With favorable economics and efficien- 
cies in mind, the techniques and appli- 
cations of the continually-advancing 
communications equipment and services 
should be a matter for continuing gas 
industry surveillance to assure opera- 
tions and service that will equal or sur- 
pass the well-known competition. 





Telemetering is the medium for reproducing, at 
some central location, the measurements and con- 
trolling the operating conditions that exist at re- 
mote, unattended, points. 

In the gas industry, this usually consists of 
reading and changing the pressures at remote 
regulator stations or equipment. 

Pulsations that correspond with codes based 
on selector dial number combinations are trans- 
mitted either by interconnected wire systems, such 
as those furnished by the telephone companies, 
or by microwave radio beams. In each case, a 
supervisor at a headquarters station can dial 
selectively first, to make contact with an unat- 
tended station, second, read the meters and, 
third, effect an operational change. 

Verification of correct station dialling is indi- 
cated by corresponding lights on a control panel 
located near the supervisor's desk; verification of 
the remote change in operation is indicated by 
the instruments. 

The instruments used in telemetering are con- 


ventional in that they indicate or record in the 


SUMMARY OF GAS TELEMETERING AND REMOTE OPERATING CONTROL 


terms of measure usually used in the industry. 
Special equipment involved in both telemetering 
and remote control consists of the transmitting 
and receiving facilities which are coupled to 
electronic response devices. Basically, the elec- 
tronic devices coupled to the instruments at re- 
mote points vary the pulsations transmitted to 
the instruments at the headquarters point in 
direct relation to the remote instrument readings. 
Thereby, both sets of instruments show the same 
readings. The devices coupled to operating 
equipment, such as valves and regulators, control 
their motorized action in accordance with re- 
quirements as the supervisor dials appropriate 
coded number combinations for changes in op- 
erating conditions. 

The distances and number of points to which 
telemetering and operational control can be ap- 
plied are unlimited, for practical purposes. 

Remote control holds vast implications of tech- 
nological changes in gas industry operations dur- 
ing the years immediately ahead. 


——H. H. C. 











American Telephone and Telegraph Co. 


Conventional dial, above, is used in station 
selection and coded signals for telemetering 
and operational control. 

The dispatcher, left, at a Transcontinental 
Gas Transmission Company station, is verifying 
a change in gas delivery rate, from TGT to 


United Fuel Gas Co., after having dialed the 





change to the appropriate station that de- 
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livers gas to United. 

The twelve telemetering gauges, below, are 
in the Kansas City office of Panha..c!e Eastern 
Pipe Line Co. and record pressures from five 
of the company’s compressor stations and one 


Trunkline Gas Co. measuring station. 
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Safety and Safe Practices for 
Operating Gas Utilities 


natural for management to make cer- 

tain that any expenditure will produce 
a profit. Management should want to 
know, therefore, if it is profitable to in- 
vest in safety. Little capital expenditure 
is required, but time and energy are re- 
quired to promote a successful program. 
Without doubt, safety is economical and 
profitable to companies that enjoy a low 
experience in worker and public acci- 
dents. 

A tabulation of 1952 experience in 
the gas industry shows that 19 fatilities 
occurred to gas company employees dur- 
ing the year—a reduction of 14 from 
1951. There were in addition 4,878 per- 
manent and temporary total disabilities. 
274,905 days were wasted due to em- 
ployee accidents, the equivalent of 1,092 
work-years, or a direct cost of $4,422,- 
600, based on the average annual wage 
of $4,050. Considering the indirect cost 
of accidents, based on Hemrich’s formu- 
las 4-to-1, we have a total of $22,113,- 
000 lost last year. 

This waste is inexcusable, when it can 
be prevented. Real accident prevention is 
real economy. Several gas utility experi- 
ences show how safety programs have 
proven a profitable investment. 

CasE 1—A company, having approxi- 
mately 2,000 employees has, in two 
years, reduced the frequency of em- 
ployee accidents from 6.04 per million 
man-hours of work to 4.51. The direct 
cost of accidents, including compensa- 
tion, medical and hospital care and cost 
of benefit plan, was cut in half. Includ- 
ing all costs of their accident prevention 
program, a saving of as much as $6,000 
per year has resulted. 

CasE 2—A company having fewer 
than 200 employees incurred a direct 
cost of $1.31 per $100 of payroll from 
employee accidents. A safety program 
was inaugurated and, in 1952, the direct 
cost of employee accidents was reduced 
to $.14 per $100 of payroll, or a saving 
of $1.17 per $100. Assuming the aver- 
age annual wage to be $4,050 the annual 
saving per employee would be $47.38. 

CasE 3—Another small company of 
about 200 employees inaugurated a 
safety program a year ago, and now re- 
ports that after writing off the cost of 
the program, a net saving of more than 


|: these days of keen competition, it is 
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by W. H. Adams 


Safety Consultant 
American Gas Association 








$16,000 was achieved in the first year. 

These incidents are cited merely to 
prove that a sound safety program saves 
money, in addition to the even more im- 
portant effect it has on employee and 
public relations. 

Freedom from accidental injuries, 
property damage, and fires is not 
achieved by doing something new and 
strange to the business of running a gas 
property whether the utility has five em- 
ployees or 1,000. Safety is achieved by 
doing a better job of the business at hand. 
The useful tools of safety, which have 
been most effective in gas companies, are 
a combination of specific acts and atti- 
tudes, plus adequate safety equipment. 


Responsibility 

Top management must originate, in- 
troduce and support the safety program 
to make it effective. Responsibility must 
be assigned to one person for coordinat- 
ing the program. In a small organization, 
that person may be the president or gen- 
eral manager. If a safety specialist is em- 
ployed, he will know the mechanics of 
setting up a program, thus relieving the 
chief executive of these details. Other- 
wise a top supervisor, whose authority 
is respected, should be named. 

The person in charge of the safety 
work need not have a special title. He 
need not devote all of his time to the 
safety program. He should, however, 
schedule definite portions of his day to 
safety. Also, he should report regularly 
to top management. 


First-aid services 

Supervised first-aid facilities minimize 
the incidence of infections, improve 
chances of recovery in the event of seri- 
ous cases, and in minor injuries enable 
the person to get back on the job quickly. 
This helps the morale and comfort of 
the worker, and reduces compensation 
and medical costs. 


The foreman 


The foreman is in a strategic position 
to promote safety and to eliminate un- 
safe conditions. Without his interested 
cooperation, the safety program cannot 
get very far in his department. 

Safety work has to make sense to the 
foreman. He has to see it as a necessary 
part of a good production job. He needs 


to know what unsafe practices in his de- 
partment contribute to injuries and what 
changes in training procedure can elim- 
inate or reduce them. 


Employee education 

In gas plants where injury-free per- 
formance reaches record proportions, 
employee participation in safety activi- 
ties is prominent. 

Devices to insure employee coopera- 
tion are numerous and self-evident. 

SAFETY COMMITTEES Participation 
through safety committees has a dual 
value. It not only acquaints members in 
the techniques of their shop, but it gets 
something done for the shop itself and 
the others who work in it. If a commit- 
tee is already functioning as a produc- 
tion or other representative group, safety 
can be added to its responsibilities. 
Where no such group exists, a small 
safety committee may be organized. 

Three or five persons, depending upon 
the size of the plant and the accident 
problem, often comprise a committee, 
with supervisor, employee, and top man- 
agement representation. The committee 
reviews accidents and near-accidents, 
helps prepare safety rules, and_ uses 
safety educational materials. Meetings 
are usually held on company time. Those 
of one-half hour duration have proved 
most satisfactory. 

Awarps_ After completion of service 
as a safety committee member, awards 
in the form of certificates may be given. 
Awards may also be given for safety 
suggestions and for membership on con- 
test-winning teams. To add to their effec- 
tiveness, these awards are often presented 
at banquets and luncheons sponsored by 
the company. 

BULLETIN BoarpDs_ Safety board cus- 
todians may be appointed in each depart- 
ment to make weekly changes of posters. 
These posters may be mailed from the 
safety co-ordinator’s office. Workers may 
be encouraged to design posters and cal- 
toons useful in their own plants. Posters 
are available which cover all phases of 
general safety, and a number have Deen 
developed for the gas industry. 

CALENDARS These are widely used 
to stimulate safety consciousness @'10N$ 
the people in a department. The r ‘ers¢ 
side of each sheet of the National © :iety 
Council calendar carries a contest | al !s 
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YPICAL SAFETY POSTERS DISPLAYED BY UTILITIES 


: ACCIDENT PREVENTION | 
To provide safe working conditions OUR SAFETY CREED 
on the job is of paramount importance | 
to everyone. It is therefore the policy of 
The Cincinnati Gas and Electric Com- 
pany and The Union Light, Heat and 
Power Company to plan and conduct 
its operations in such a manner as to PITTSBURGH GROUP COMPANIES 


provide the maximum of safety to its 
Bap ol el employees and the public. OUR DUTY 


The operating departments which are Is 


ab on enather responsible for carrying out this policy TO PLAN and PERFORM 


are expected to equip themselves with 
MAKE ‘53 ACCIDENT FREE the knowledge of safe methods and to EVERY JOB SAFELY 
the © will Count on YOU train workers in the safe way of doing 


to do YOUR Part each job and to see that protective de- Nin pl te dita ell aide dion sable” 
vices, guards and apparel are available > 








CALUMET STATION AND HOLOER 
THE PEOPLES GAS LIGHT Amd CONE COMPANY 


eo house Opn Lg and used when necessary. . PAL 14aey 
/ males O To further this policy and to coor- 

dinate accident prevention across the en- 

tire Company, a well established Acci- 

dent Prevention Division is maintained 

in the Industrial Relations Department. 




















Pittsburgh Group Companies 


Peoples Gas Light & Coke Company Colahin: Ges Seatten, ten, 


Chicago 














open to workers and, also, to their fami- 
lies. 
ConTESTS Competition in safety per- 
formance can be departmental in nature, 
rovided departments are large enough; , ; ie 
re con be liee-aipiie tn ten which It is an unavoidable obligation of man- 
operates more than one property, or they mind will contribute much to a decrease ema pet om ; lg nase = 
can be contests within an entire industry. sale bain Mal i aca tel e “ #9 satety pera gg IS ins ie 
ExuiBiIts Gory exhibits are frowned ite aha caddenal ve oes that 20 scatter Amilo aye deer a soniggaad 
upon by most professional safety men, . a ports responsibilities of safety inspectors, or 


insurance engineers, state factory in- 
spectors, or by the safety committee or 
persons delegated by safety committee. 


All employees are expected to per- 
form their work with due regard for the 
safety of themselves and others. Sugges- 
tions for the prevention of accidents are Safety equipment 
always welcome and should be made to 
supervisors. Keeping this thought in 


: : ; ; the causes for all accidents be ascer- F a sof, . ittee is ; ‘ 
but sometimes shock is effective. A pair tained so that safeguards can oe pro- “ iy a 6 = ce it that 
of goggles that saved an eye, a pair of ' se é such equipment ts in use at all times. 


vided to avoid the repetition of accidents. seat 
Safety must be a continuous activity not Placement and training 

only of our supervisors and Accident Pre-placement physical examinations 
Prevention Division, but of every em- and studies of past work histories and 
ployee of the Company. safety records of job applicants will assist 
in proper placement of most employees. 
Job training should follow. It is more 
rewarding, in the matter of injury-free 
performance, to train new personnel 
thoroughly than to try to correct unsafe 
habits after they have been allowed to de- 
velop. The development of the right at- 


safety shoes that saved a foot, a handful 
of hair caught in a machine—such items, 
used sparingly, may have value. Displays 
of protective equipment available to em- 
ployees, the positive approach, are good. 
PUBLICATIONS If a gas company has Abed li Chickeo 
its own house organ, that publication at ny 
can do much to develop an attitude fav- 
orable to safety on the part of employees. The Cincinnati Gas and Electric Company 

The work of the safety committee can be The Union Light, Heat and Power Company 

given publicity, stories can be carried in Cinsinnatt 

the event of award presentations, the ap- titude toward safety can likewise take a 

pointments of new people to the safety always advisable, in such cases, to re- firm hold during the induction period. 

committees announced. ward good effort rather than to ridicule Analysis sheets prepared for wage in- 
With careful handling, publicity can poor safety work. centive plans and for setting up wage 
also be given to accident cases, particu- scales may be adapted for safety train- 
larly those in which injury has been pre- : : ing programs by highlighting safety fea- 
vented by good working practices, as by Abundant case histories are available tures. Successful training procedures 
aA the Wearing of personal protective equip- © show that a great many injuries in commonly follow these basic steps: 
ers. ment. The handling of such matters isa 84S plants could have been avoided ae» Prepare the job. Provide the neces- 
the problem for good editorial judgment. In Someone had been responsible for seeing sary tools, guards and safety equip- 
nay no case should injured persons be given the obvious hazard. It is the common, ment, and plan what is going to be 
cal: unfavorable notice. but neglected, danger spot which causes told to the new employee. 
ters SLOGANS AND STUNTS Slogan con- much of the trouble. . Tell the employee and then show 
. of tests may be used, although they are Plant inspections, done on an organ- him how to do the job, stressing 
on easily overused. If plant policy permits, ized basis, are among the best devices safety. 

Various kinds of stunts can be used to for reducing an injury-frequency rate. . Let the employee try it and watch 
sed give publicity to the effort of keeping New safety programs are almost always him—a “pat on the back” at this 
ong accidents down. “Oscars” may be of- initiated by a thorough-going plant in- stage may do wonders. 

‘a lerec, prize bulletin boards made up,  spection. Periodic inspections are made, . Follow up and check up frequently. 
fety guessing games for the daily slogan in- not only by the plant supervisors them- Stop unsafe practices before they 
at is Stitutcd, and other devices used. It is selves in their own departments, but by become bad habits. 




















Plant inspections 
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The justification of carefully planned 
and carefully followed up inspections is 
the fact that it is far cheaper to prevent 
accidents than to pay for their conse- 
quences. Good inspections are among 
the least expensive of prevention devices. 


Accident records and reporting 

To avoid guesswork on accident ex- 
perience and costs, a record system 
should be set up. Accident records can 
be used for the isolation and cure of 
“sore spots” which may be found in the 
plant, such as recurrent bad practices 
of a specific kind, or an unsafe condition 
which is responsible for recurrent in- 
juries. Standard forms for reporting in- 
juries have been developed by American 
Standards Association and may be ob- 
tained from National Safety Council. 

It should be a fixed rule that acci- 
dents must be reported at once and in- 
vestigated as soon as possible—those re- 
sulting in serious injury immediately. Un- 
der some circumstances, near-accidents 
should aiso be investigated. Sometimes 
it is only a matter of chance that results 
are not serious injuries or fatalities. 

Supervisor’s Accident Report Form is 
a part of the standard method of report- 
ing injuries. This form calls for most of 
the significant information in most acci- 
dents. It has an incidental importance in 
making the supervisor get to the real 
causes of a bad situation, instead of al- 
lowing it to pass off as somebody’s “care- 
lessness.” The purpose of accident in- 
vestigation is to get at those factors 
which, if eliminated, would prevent a 
recurrence. 


Investigation procedure 

In the investigation of accidents, cer- 
tain procedures have been found to be 
particularly effective: 


1. Go to scenes of accidents promptly. 
2. Talk with the injured person; talk 
with nearby workers; ta/k with the 
supervisor. Stress facts, not personal 
responsibilities and failures. 
Listen for clues. Unsolicited advice 
often has merit at such times. 
Encourage personnel to give their 
prevention ideas. 
Study possible causes—unsafe con- 
dition or unsafe practice. 
Confer with interested persons over 
possible solutions. The problem may 
have been solved elsewhere. Mem- 
bers of National Safety Council may 
refer problems to its staff. 
Write up report, using preprinted 
forms or in narrative style. 
Follow up. Make sure conditions are 
corrected. If they cannot be, or if 
delay is imminent, report such facts 
to all concerned. 
Publicize corrective action so that all 
may benefit from experience. 


Maintenance of the safety program 

In some industries of inherently great 
hazard—steel, cement, petroleum, many 
gas utility companies and others—the 
techniques of safety engineering are far- 
advanced. Safety programming has been 
so well developed that some of them now 
are rated as essentially non-hazardous. 

There is an abundance of technical in- 
formation available to the manager of a 
gas company. That is not to say that all 
the answers are available. The gas in- 
dustry is just beginning to work towards 
standards of safety in much of its equip- 
ment and materials. There is still need 
for safer and equally effective procedures 
in many of our common practices. 

There is an abundance of materials for 
employee-training and the development 
of attitudes favorable to safety among 
employees. The selection is far in excess 
of the minimum needs of an industry. 

Some of the groups and agencies 
which can provide materials and can 
help management carry out its safety 
work are: 

National Safety Council, 425 N. Mich- 
igan Ave., Chicago 11, Ill. 

The Council is the largest organization 
in the World devoting its entire effort to 
the prevention of injury. It is a non-profit 
service organization controlled by its 
members and operated by a staff of ap- 
proximately 300. Its public utilities sec- 
tion concerns itself with the special prob- 
lems and hazards of public utilities. The 
executive officers of this section are 
safety and personnel men in the public 
utility industry employed by Council- 
members. 

The Council’s industrial staff of engi- 
neers, editors and consultants help mem- 
bers set up and carry out effective acci- 
dent-control programs. Full informa- 
tion may be obtained by writing the 
Council. 

American Gas Association, 420 Lex- 
ington Ave., New York 17, N. Y. 

The accident prevention committee of 
American Gas Association has material 
available on the successful operations of 
safety programs of member-companies. 
A newsletter prepared approximately 
four times a year serves to keep safety 
directors and operating men acquainted 
with accidents within the industry and 
recommends safe practices for their pre- 
vention. 

Bibliographies of leading articles on 
safety within the gas industry are avail- 
able. A film catalogue relative to visual- 
aid material also is available to members 
of the Association. 

American Standards Association, 70 
E. 45 St., New York 17, N. Y. 

ASA is the national standards body 
with the purpose to provide the means 
for an orderly and voluntary method of 
establishing recognized standards, safety 
and otherwise. Standards established by 


ASA in the field of safety are considered 
as minimum requirements. 

Associated Factory Mutual Fire In. 
surance Companies, 184 High St., Bos. 
ton 10, Mass. 

This is an industrial fire-protection 
engineering and inspection bureau that 
maintains laboratories for testing and 
listing approved fire protection equip. 
ment. Its publication, Factory Mutua! 
Record, deals with problems of fire pro- 
tection. 

National Board of Fire Underwriters 
85 John St., New York 7, N. Y. 

NBFU is an educational, statistical 
and engineering public service organiza- 
tion supported by the capital stock fire 
insurance companies. 

The National Fire Protection Associa- 
tion, 60 Batterymarch St., Boston 10, 
Mass. 

The association acts as a clearing 
house for information on fire protection 
and fire prevention. Its technical stand- 
ards are widely accepted by state and 
municipal governments as the basis of 
legislation. Its codes are standard refer- 
ences for fire protection and prevention. 

Underwriters Laboratories, Inc., 207 
E. Ohio St., Chicago 7, Ill. 

UL is a non-profit organization which 
maintains laboratories for the examina- 
tion and testing of devices, systems and 
materials to determine their safety. Its 
annual lists of approved products are 
available to gas companies. 

U. S. Department of Commerce, No- 
tional Bureau of Standards, Safety Codes 
Group, Washington 25, D. C. 

The Safety Codes Group prepare 
safety code standards for use by cities, 
states and governmental departments, 
and for voluntary adoption by industry. 

U.S. Department of Labor, Bureau of 
Labor Statistics, Industrial Hazards 
Branch, Washington 25, D. C. 

The Bureau’s branch gives technical 
help on accident prevention programs, 
codes and training courses for state 
safety inspectors. Its publications are 
useful likewise to employers who should, 
as a matter of policy, keep in touch with 
these activities. 


Manufacturers of equipment 

There are many manufacturers who 
make safety equipment exclusively. The 
items are in great variety, ranging from 
safety goggles and fire extinguishers, 
which have application in many indus- 
tries, to combustible gas detectors, cal- 
bon monoxide indicators and other in- 
struments and equipment developed and 
perfected largely for gas industry us¢. 
Many manufacturers maintain engineer- 
ing services which may be called on for 
consultation in specific safety problems, 
and all have an abundance of lite*ature 
which is educational in nature, evel 
though directed toward the sale ©: spe 
cific types of equipment. 
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DEFINITIONS OF TERMS 





AIR is a mixture of nitrogen, oxygen, water vapor, carbon 
dioxide, argon, neon and small quantities of other rare gases. 
For all practical purposes of combustion, air may be said to 
be composed by volume, of— 

Oxygen (O:)—20.9% 
and by weight of 
Oxygen (O:)—23.15% 


Nitrogen (N:)—79.1% 


Nitrogen (N:)—76.85% 


WEIGHT OF AIR at 60° F. is .076 lb. per cubic foot at sea 
level, atmospheric pressure. One pound of air at 60° F. and 
at atmospheric pressure has a volume of 13.06 cubic feet. 


Annealing 

ANNEALING is a process involving heating and cooling ap- 
plied usually to induce softening. The term is also used to 
cover treatments intended to: (1) Remove stresses, (2) alter 
mechanical or physical properties, (3) produce a definite 
microstructure, and (4) remove gases. 


Annealing, Bright 

BRIGHT ANNEALING is an annealing process which is usu- 
ally carried out in a controlled furnace atmosphere so that 
surface oxidation is reduced to a minimum and the surface 
remains relatively bright. 


Atmosphere, Neutral 

NEUTRAL ATMOSPHERE in a furnace or heating operation 
is, as the name suggests, neither oxidizing nor reducing, and 
indicates a state of perfect combustion. For a given high 
temperature heating furnace this type of atmosphere is usu- 
ally the ideal and represents maximum fuel economy in com- 
bustion. 


Atmosphere, Oxidizing 

OXIDIZING ATMOSPHERE in a furnace or heating operation 
means an atmosphere in which there is an excess of oxygen 
or air present. Sometimes it is desired to have such an atmos- 
phere to aid certain chemical reactions. In most cases of 
furnace heating this type of atmosphere results in waste of 
fuel and scaling of the work. Also, in some cases, an oxidiz- 
ing atmosphere exists because it has been necessary to reduce 
the flame temperature by dilution with cold air for low tem- 
perature operations. 


Atmosphere, Reducing 

REDUCING ATMOSPHERE in a furnace or heating operation 
means an atmosphere in which there is a deficiency of oxygen 
or air to complete the process of combustion. Such an at- 
mosphere is deliberately produced in some operations to aid 
certain chemical reactions or to preclude scaling or oxidizing 
of the work. In most cases of furnace heating excessive re- 
ducing atmosphere causes a waste of unconsumed fuel and 
a lowering of furnace temperature. 


British Thermal Unit 


THE BRITISH THERMAL UNIT (Btu) is 1/180 of the heat 
required to raise the temperature of one pound of water from 
32° F. to 212° F. Formerly it was defined as the quantity 
of heat required to raise one pound of water from 62° F. 
to 63° F. A common nontechnical definition is the amount 
of heat required to raise the temperature of one pound of 
water one degree F. 


16 


Carburizing 

CARBURIZING is a process in which carbon is introduced 
into a solid iron-base alloy by heating above the transforma- 
tion temperature range while in contact with a carbonaceous 
material which may be a solid, liquid, or gas. Carburizing is 
frequently followed by quenching to produce a hardened case. 


Casehardening 

CASEHARDENING is a process of surface hardening involy- 
ing a change in the composition of the outer layer of an 
iron-base alloy followed by appropriate thermal treatment. 
Typical caseheardening processes are Carburizing, Cyanid- 
ing, Carbonitriding, and Nitriding. 


Combustion, Complete 


COMPLETE COMBUSTION is the complete oxidation of a 
fuel regardless of whether or not this is accomplished with an 
excess amount of oxygen. 


Combustion, Perfect 


PERFECT COMBUSTION is the complete oxidation of a fuel 
with exactly the theoretical amount of oxygen required. 


Conduction 


CONDUCTION is the process of diffusion or flow of heat 
energy through a mass or body of matter by particle or molec- 
ular contact from the warmer to the colder parts. Thus, heat 
applied to one end of an iron bar will be conducted to the 
other end from particle to particle within the iron bar. 


Convection 


CONVECTION is the process of heating a substance by the 
motion of warmer fluids or gases in contact with the sub- 
stance. Thus, water tubes in a boiler may be heated by means 
of the hot products of combustion sweeping over them. The 
surfaces of the boiler tubes thus heated by convection then 
conduct the heat through the metal of the tubes to the inner 
surface in contact with the water where the heat is trans- 
ferred by a combination of conduction and convection to the 
water. 


Cubic Foot, Standard 


THE STANDARD CUBIC FOOT is the quantity of gas saturated 
with water vapor which at a temperature of 60° F. and a 
pressure of 30 inches of mercury occupies one cubic foot. 

This is the standard cubic foot universally used by the 
manufactured gas industry. 

In the natural gas industry, however, gas volumes are 
usually calculated on a dry basis at a temperature of 60° F. 
and a specified base pressure. 


Degree Day 


DEGREE Day is a term used to express the intensity of the 
heating season. It is the difference between 65° F. and the 
daily mean temperature. The sum of these differences for 
every day of the heating season is the total degree days for 
the year. Experience has shown that the gas heating season 
starts when the monthly mean temperature is 65° F., and 
that gas consumption for house heating is proportiona! to 
the drop in temperature below 65° F. 

Gas Conditions, Standard 
Manufactured Gas Natural Gas 


60° F. 60° F. 
30 inches of mercury As per cont: ict 
Saturated at 60° F. Usually d 





Gas temperature 
Gas pressure 
Water vapor in gas 
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ting Value, Gross 


HE GROSS HEATING VALUE of a fuel is the total Btu lib- 
erated by complete combustion when the products of com- 
bustion are cooled to the temperature of the atmosphere and 
the water vapor in the products of combustion is condensed 
to a liquid. 


Heating Value, Net 


JHE NET HEATING VALUE Of a fuel is the amount of heat 
in Btu’s which would be available from complete combus- 
tion per unit of fuel if the products of combustion were cooled 
to 212° F. and the water vapor remained as a gas. 

THE NET HEATING VALUE Of a fuel is equal to the gross 
heating value minus the latent heat of vaporization of the 
water vapor present in the products of combustion. 

THE NET HEATING VALUE is not determined directly, but 
is calculated from the gross heating value. The difference 
between the gross and net heating values is 1122 Btu’s per 
pound of water in the products of combustion. In the case 
of natural gas, this difference amounts to, roughly, 100 Btu’s, 
while for manufactured gas it is approximately 50 Btu’s per 
cubic foot. 

In American gas practice heat standards and appliance 
efficiencies are based on the gross heating value. 


Kilogram Calorie 


THE KILOGRAM CALORIE (large calorie) is 1/100 of the 
heat required to raise the temperature of one kilogram of 
water from 0° C. to 100° C. A kilogram calorie therefore 
is equal to 1.8 x 2.2046, or 3.968 Btu’s. 


Pressure, Absolute 


ABSOLUTE PRESSURE is the sum of the gauge pressure and 
the atmospheric pressure. For example, for gas at 100 Ibs. 
gauge pressure, the absolute pressure at sea level would be 
100 + 14.7 = 114.7 Ibs. 


Load Factor 


LOAD FACTOR is the ratio of average daily gas sendout to 
peak day sendout during a given time interval, usually a year. 


Pressure, Atmospheric 

ATMOSPHERIC PRESSURE is the pressure at the atmosphere 
at some definite elevation. At sea level it is 14.7 Ibs. per square 
inch or 760 m.m. (30 inches) of mercury. 
Pressure, Critical 

CRITICAL PRESSURE is the pressure at which a gas may be 
liquefied at the critical temperature. 
Radiation 

RADIATION is the process of heat transmission by heat 
waves through the air or other gases, an example of which 
is the sun’s rays heating the earth. 
Temperature, Absolute 

ABSOLUTE TEMPERATURE is the temperature reckoned from 
the absolute zero. 
Temperature, Critical 

CRITICAL TEMPERATURE is the temperature above which 
a gas cannot be liquefied by pressure alone. 
Temperature, Ignition 

IGNITION TEMPERATURE is the lowest temperature at which 
a substance can be ignited. 
Tempering 

TEMPERING is a process of reheating hardened or nor- 


malized steel to a temperature below the transformation tem- 
perature, range, followed by any desired rate of cooling. 


Therm 
A THERM is 100,000 Btu’s. 


Vaporization, Latent Heat of 


LATENT HEAT OF VAPORIZATION Of a substance is the quan- 
tity of heat required to change it from liquid to vapor with- 
out raising its temperature. 


Zero, Absolute 


ABSOLUTE ZERO is the temperature at which a gas would 
show no pressure if the general law for gases should hold for 
all temperatures. It is equal to —273.18° C. or —459.72° F. 





English Weights and Measures 


640 acres 
36 square miles 


Length 
1000 mils = 1 inch 


12 inches = 1 foot 

3 feet = 1 yard 

5280 feet = 1 mile 

4inches = 1 hand 

Jinches = 1 span 

2% feet = 1 pace 

16% feet or 54% yards = 1 rod 

| knot or nautical mile = 6080.26 feet 
1/3 league 

7.92 inches = 1 link 

25 links = 1 rod 

100 links or 66 feet or 4 rods = 1 chain 

l0chains =1 furlong 

8 furlongs =1 mile 


27 cubic feet 
128 cubic feet 
24% cubic feet 


24 grains (gr.) 


12 ounces 


16 ounces 
25 pounds 


Surface 4 quarters 


144 square inches — 1 square foot 
9 square feet = 1 square yard 
30% square yards = 1 square rod 
160 square rods =1 acre 

640 acres = 1 square mile 
625 square links —=1 square rod 
l6squarerods | =1 square chain 
l0square chains 1 acre 


= 1 ton (T.) 


3 scruples 
8 drams 
12 ounces 
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= 1 square mile 
= 1 township 


Volume 
1728 cubic inches = 1 cubic foot 
= 1 cubic yard 
= 1 cord 
= 1 perch 


Troy Weight 

= 1 pennyweight (dwt.) 
20 pennyweights = 1 ounce (0z.) 
= 1 pound (Ib.) 


Apothecaries’ Weight 
20 grains (gr.) —I1scruple(sc.or ) 
=1dram(dr.or ) 
=lounce (oz.or ) 
= 1 pound (Tb) 


Dry Measure 
2 pints (pt.) —1 quart (qt.) 
8 quarts = 1 peck (pk.) 
4 pecks = 1 bushel (bu.) 
36 bushels =1 chaldron (ch.) 


Liquid Measure 
= 1 pint (pt.) 
2 pints = | quart (qt.) 
4 quarts = 1 gallon (gal.) 
31% gallons —1 barrel (bar.) 
63 gallons =1 hogshead (hhd.) 


4 gills (gi.) 


Avoirdupois Weight 
16 drams (dr.) = 1 ounce (0z.) 
= 1 pound (Ib.) 
= 1 quarter (qr.) 
= 1 hundred weight (cwt.) 
20 hundred weight (2000 pounds) 


Apothecaries’ Fluid Measure 
60 minims = 1 fluid-drachm 
8 fluid-drachms = 1 fluid-ounce 
16 fluid-ounces —1 pint 
8 pints = 1 gallon 


Circular Measure 
60 seconds (”) = 1 minute (’) 
60 minutes = 1 degree (°) 
30 degrees = 1 sign (s) 
12 signs, or 360 degrees = 1 circle (cir.) 
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THE METRIC SYSTEM 


(Extract from tables of equivalents published by the Department of 
Commerce and Labor, Bureau of Standards.) 

The fundamental unit of the metric system is the METER (the unit 
ofjlength). 

From this the units of mass (GRAM) and capacity (LITER) are 
derived. 

All other units are the decimal subdivisions or multiples of these. 
These three units are simply related, so that for all practical pur- 
poses the volume of one kilogram of water (one liter) is equal to one 
cubic decimeter. 


Prefixes 





Meaning Units _ 
1 
1000 





Milli- one thousandth 


1 
Centi- one hundredth jo j METER for length 
1 


Deci- i0 


one tenth 


unit = one 


Deka- ten 7 10. 


100 


GRAM for mass 


Hecto- one hundred 100. LITER for capacity 


is 
( 
one thousand — 1000 


Kilo- 





The metric terms are formed by combining the words ‘‘Meter,”’ 
“Gram” and “Liter” with the six numerical prefixes. 


Length 
1 centi-meter (cm). 
1 deci-meter (dm). 
1 METER (about 40 inches) (m). 
1 deka-meter (dkm). 
1 hecto-meter (hm). 
1 kilo-meter (about 5% mile) (km). 


10 milli-meters (mm) 
10 centi-meters 

10 deci-meters 

10 meters 

10 deka-meters 

10 hecto-meters 


Mass 
1 centi-gram (cg). 
1 deci-gram (dg). 
1 GRAM (about 15 grains) (g). 
1 deka-gram (dkg). 
1 hecto-gram (hg). 
= 1kilo-gram (about 2 pounds) (kg). 


10 milli-grams (mg) 
10 centi-grams 

10 deci-grams 

10 grams 

10 deka-grams 

10 hecto-grams 


Capacity 
1 centi-liter (cl). 
1 deci-liter (dl). 
1 liter (about 1 quart) (1). 
1 deka-liter (dkl). 
10 deka-liters 1 hecto-liter (about a barrel) (hl). 
10 hecto-liters 1 kilo-liter (kl). 


The square and cubic units are the squares and cubes of the linear 
units. 

The ordinary unit of land area is the Hectare (about 21% acres). 

For ordinary mental comparison it is convenient to know the ap- 

roximate relations; e.g., 1 meter = 40 inches; 3 decimeters = 1 

oot; 1 decimeter = 4 inches; 1 liter = 1 liquid quart; 1 kilogram = 
24% pounds; 30 grams = 1 avoirdupois ounce; 1 metric ton = 1 
gross ton (see tables). 


10 milli-liters (ml) 
10 centi-liters 

10 deci-liters 

10 liters 


Equivalents 


All lengths, areas and cubic measures in the following tables are 
derived from the international meter, the legal equivalent being 1 
METER = 39.37 INCHES (law of July 28, 1866). In 1893 the United 
States Office of Standard Weights and Measures was authorized to 
derive the yard from the meter, using for the purpose the relation 
legalized in 1866, 1 YARD EQUALS oo 
weights are likewise referred to the kilogram. (Executive order 
approved April 5, 1893.) This action fixed the values, inasmuch 
as the reference standards are as perfect and unalterable as it is 
possible for human skill to make them. 

All capacities are based on the practical equivalent 1 cubic deci- 
meter equals 1 liter. The decimeter is equal to 3.937 inches in ac- 
cordance with the legal equivalent of the meter given above. The 
gallon referred to in the tables is the United States gallon of 231 
cubic inches. The bushel is the United States bushel of 2150.42 
cubic inches. These units must not be confused with the British 
units of the same name, which differ from those used in the United 
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METER. The customary 


States. The British gallon is approximately 20 per cent larger, and 
the British bushel 3 per cent larger, than the corresponding units 
used in this country. 

The customary weights derived from the international kilogram 
are based on the value 1 avoirdupois pound = 453.5924277 grams, 
This value is carried out farther than that given in the law, but is in 
accord with the latter as far as it is there given. The value of the 
troy pound is based upon the relation just mentioned, and also the 

vf 


equivalent a avoirdupois pound equals 1 troy pound. 
Length 

Centimeter = 0.3937 inch. 

Meter 3.28 feet. 

Meter 1.094 yards. 

Kilometer 0.621 statute mile. 

Kilometer 0.5396 nautical mile. 

Inch 2.540 centimeters. 

Foot 0.305 meter. 

Yard 0.914 meter. 

Statute mile 1.61 kilometers. 

Nautical mile 1.853 kilometers. 


Area 
0.155 square inch. 
10.76 square feet. 

1.196 square yards. 

2.47 acres. 

0.386 square mile. 

6.45 square centimeters. 
Square foot 0.0929 square meter. 
Square yard 0.836 square meter. 
Acre 0.405 hectare. 

Square mile 2.59 square kilometers. 


Square centimeter 
Square meter 
Square meter 
Hectare 

Square kilometer 
Square inch 


Volume 
0.0610 cubic inch. 
35.3 cubic feet. 
1.308 cubic yards. 
16.39 cubic centimeters. 
0.0283 cubic meter. 
0.765 cubic meter. 


Cubic centimeter 
Cubic meter 
Cubic meter 
Cubic inch 
Cubic foot 

Cubic yard 


Capacity 
Milliliter = 0.0338 U.S. liquid ounce. 
Milliliter 0.2705 U. 8S. apothecaries’ dram. 
Liter 1.057 U.S. liquid quarts. 
Liter 0.2642 U.S. liquid gallon. 
Liter 0.908 U.S. dry quart. 
Dekaliter 1.135 U.S. pecks. 
Hectoliter 2.838 U.S. bushels. 
U.S. liquid ounce 29.57 milliliters. 
U.S. apothecaries’ dram 3.70 milliliters. 
U.S. liquid quart 0.946 liter. 
U.S. dry quart 1.101 liters. 
U.S. liquid gallon = 3.785 liters. 
U.S. peck = 0.881 dekaliter. 
U.S. bushel = 0.3524 hectoliter. 


Weight 
= 15.43 grains. 
0.772 U. 8. apothecaries’ scruple. 
0.2572 U. 8. apothecaries’ dram. 
0.0353 avoirdupois ounce. 
0.03215 troy ounce. 
2.205 avoirdupois pounds. 
2.679 troy pounds. 
0.984 gross or long ton. 
1.102 short or net tons. 
0.0648 gram. 
1.296 grams. 
3.89 grams. 
28.35 grams. 
31.10 grams. 
0.4536 kilogram. 
0.373 kilogram. 
1.016 metric tons. 
0.907 metric ton. 


Gram 

Gram 

Gram 

Gram 

Gram 

Kilogram 

Kilogram 

Metric ton 

Metric ton 

Grain 

U.S. apothecaries’ scruple 
U.S. apothecaries’ dram 
Avoirdupois ounce 

Troy ounce 

Avoirdupois pound 

Troy pound 

Gross or long ton = 
Short or net ton = 


American Gas Journal, October 1, 1953 
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TEMPERATURE CONVERSION 





30 40 50 60 


F F F y 
—382 |—400 
—100 6 —202 |—220 

—- | —22 | —40 | —58 
@} 32] 50} 68) 86) 104 
100 ; 4§ 266 | 284 
200 | 39: 446 | 464 
300 626 | 644 


400 806 824 
500 5 ¢ 986 | 1004 
600 ‘ 1166 | 1184 


700 : 8 | 1346 | 1364 
800 1526 | 1544 
900 ) 3 | 1706 | 1724 


1000 50 | 1 1886 | 1904 


1100 : 2048 | 2066 | 2084 
1200 ‘ 2246 | 2264 
1300 2426 | 2444 


1400 ! 3 2606 | 2624 
1500 y 2786 | 2804 
1600 3 2966 | 2984 


1700 3146 | 3164 
1800 : ‘ 3326 | 3344 
1900 : 3506 | 3524 


2000 3650 | 3668 | 3686 | 3704 
2100 3866 | 3884 
2200 4046 | 4064 
2300 4226 | 4244 


‘2400 4406 | 4424 
2500 4586 | 4604 
2600 é 4766 | 4784 


2700 4946 | 4964 
2800 5126 | 5144 
med _5270 | 5388 | 5806 | 5324 
3000 58 | 5486 | 5504 
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S28 368 





3100 ¥ 5666 | 5684 
3200 5846 | 5864 
3300 ; 6026 | 6044 


3400 6206 | 6224 
3500 5363 | 6386 | 6404 
3600 35x 6566 | 6584 


3700 7 6746 | 6764 
3800 3908 | 6926 | 6944 
3900 7070 | 7088 | 7106 | 7124 


°C : 30 40 50 60 80 90 
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ExaMPLes: 1347° C = 2444° F + 12.6° F = 2456.6° F. 3367° F = 1850° C + 2.78° C = 1852.78° C. 


Bureau of Standards—M126 
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FOUR-PLACE LOGARITHM TABLES 





0128 | 0170 
O53! 0509 
0899 | 0934 
1239 | 1271 
1553 | 1584 
1847 | 1875 
2122 | 2148 
2380 | 2405 
2625 2648 
2856 | 2878 


3075 | 3096 
3284 | 3304 


0253 
0045 
1004 


0294 
| OO32 


10 30 
1335 


| 19 
10 
1367 | 2 
1644 | 1673 | 1703 
| 
| 


0334 | 0374 
| °755 
1106 
1430 
1732 
2014 
2279 
2529 
2765 
2959 
3201 
3494 
3595 
3784 


0414 | 0453 
0792 | 0828 
1139 | 1173 
1461 | 1492 
1761 | 1790 
2041 | 2068 
2304 | 2330 
2553 | 2577 
2788 | 2310} 
3010 3032 | 
3222 | 3243 | 3 > 
3424 | 3444 | 3453 | 3502 
3617 | 3636 | 3655 | 3674 | 3092 
3802 | 3820 | 3838 | 3856 | 3874 
3979 | 3997 | 4014 | 4031 | 4048 
4150 | 4166 | 4183 | 4200 | 4216 
4314 | 4330 | 4346 | 4362 | 4378 
4472 | 4487 | 4502 | 4518 | 4533 
4624 | 4639 | 4654 | 4669 | 4683 
4771 | 4786 | 4800 | 4814 | 4829 
4914 | 4928 | 4942 | 4955 | 4969 
5051 | 5065 | 5079 | 5092 | 5105 
5185 | 5198 | 5211 | 5224 | §237 
5315 | 5328 | 5340 | 5353 | 5366 
5441 | 5453 | 5465 | 5478 
5563 | 5575 | 5587 | 5599 
5682 | 5694 | 5705 | 5717 
5798 | 5809 | 5821 | 5832 
591E | 5922 | 5933 | 5944 
6021 | 6031 | 6042 | 6053 
6128 | 6138 | 6149 | 6160 
6232 | 6243 | 6253 | 6263 
6335 | 6345 | 6355 | 6365 
6435 | 6444 | 6454 | 6464 
6532 | 6542 | 6551 | 6561 
6628 | 6637 | 6046 | 6656 
| 6721 | 6730 | 6739 | 6749 
6812 | 6821 | 6830 | 6839 
6902 | 6911 | 6920 | 6928 
6990 | 6998 | 7007 | 7016 
7076 | 7084 | 7093 | 7101 
7160 | 7168 7177 | 7185 
7243 | 7251 | 7259 | 7267 | 7275 
7324 | 7332 | 734° | 7348 | 735° 


1/2\/3|4. 


0607 
0909 
1303 
1614 
1903 
2175 
2430 
2072 
2900 
3118 | 
3324 | 


1931 | ao F 
2201 | 
2455 
2095 


292 


1987 | 
2253 
2504 
2742 
2907 
3181 | 

| 3385 

3579 

3706 5 
3945 _— 

4116 | 4133 

4281 | 4298 

4440 | 4456 

4594 | 4609 
| 4742 | 4757 


| 

4886 | 4900 
| 5024 | 5038 
5132 | 5145 | 5159 | 5172 
5263 | 5270 | §289 | 5302 
5391 | $403 | 5416 | 5428 


3514 | $527 | 5539 | 555! 
5635 | $047 | 5058 | 5670 
5752 | 5763 | 5775 | 5786 
5866 | 5877 | 3888 5899 
5977 | 5988 | 5999 | 6010 


6085 | 6096 6107 | 6117 
6191 | 6201 | 6212 | 6222 
6294 | 6304 | 6314 | 6325 
6395 | 6405 | 6415 | 6425 
6493 | 6503 | 0513 | 6522 
6590 | 6599 | 6609 | 6618 
6684 | 6693 | 6702 | 6712 
6776 | 6785 | 6794 | 6803 
6866 | 6875 | 6884 | 6893 
6955 | 6964 | 6972 | 6981 
7050 | 7059 | 7067 
7135 | 7143 | 7152 
7215 | 7235 
7300 


2227 ‘ 
| 

2450 | 

| 2718 | 
3| 2945 | 
3139 | 
3545 
3541 | 3 
3729 
3999 





3160 

3395 
500 

3747 


3927 





4082 
4249 
4409 
4504 
4713 | 
4857 


4099 
42605 
4425 
4579 
4725 





| 4871 | 
4997 501 I 


5490 
5611 
5729 
5543 
5955 
6064 
6170 
6274 
6375 
6474 
6571 
6665 
6758 
6848 
6937 
7024 
7110 
7193 









































Log. = .49715 Log.. 


AREAS AND 


A = oreo 
A= 
A=%*a 
s=O07071d= VA 


5 
d=14145=14144VA Trapezoid 


4 De — Be 
Trapezium 


~—> a 
Paralielogram Note that dimension o is mecwwred | 


|e right angles to line b 





A = oreo. 


" be 


2 —_ 
| A=Vbi¢a 
Right onget triangle b= Val—e 
«= Val-b? 
| Eto A ots ol 


b 


f 4+ b2—¢2\2 
2 
2\ 


2b 4 
| Regier polygon | 


aa - (2) 
r 
} Obtuse- angled triangle | 


| nee: es | eet 


—EE——E 


A = area. 


With permission, “‘Machinery’s Handbook, 


\ctober 1, 1953, American Gas Journal 


“ The Industrial Press. 





No. 
55 
56 
57 
58 
59 


7404 
7482 
7559 
7534 
7799 


7782 
7853 
7924 
7993 
8062 


8129 
$195 
8261 
832 
$388 


8451 
8513 
8573 
8633 
8692 
8751 
8808 
8865 
8921 
8976 


9031 
9085 
9138 
gigI 
9243 
9294 
9345 
9395 
9445 
9494 


9542 
9590 
9638 
9685 
973! 
9777 
9823 
9868 
ggi2 
9956 


8395 


8457 
8519 
8579 
8039 
8698 
8756 
8314 
8871 
8927 
8982 


9036 
go90 
9143 
9196 
9248 
9299 
935° 
9400 
9450 
9499 


9547 
9595 
9043 
9689 
973° 
9782 
wer 
9872 

9917 | 9921 
9961 | 9965 


o/1/2 | 


8704 
8762 
8820 
8876 
8932 
8987 


9042 
9096 
9149 
9201 
9253 


9304 
9355 
9495 
9455 
9504 
9552 
9600 
9047 
9094 
974! 
9786 
9532 
9877 
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No. | 




















= 2.302585 X Log.10 


VOLUMES 


A = oreo 
~ 


s, 


== 
| 
| 
| 
| 


aa fetbih \ 


2 
| 
—— Circular sector | 
————— —— 


A = oreo 


(H + h)o + bh + cH 
2 


oreo; 
rodius of circumscribed circle; 
rodivus of inscribed circ! 


le. ‘ 
2.598 R2 — 3.464 12) 
} 
| 


Ellipse 


-— 


Circular segment 


— + 


An approximate formule tor the per- 
imeter ls: p. 
P = 3.1416 \/ 2 (eo? + bt) 


SEE 


rodivs of circumscribed circle; 


rodius of inscribed circle. 
231402) | CB 


| 
4.828 s? = 2.628 R? 
1.307 s = 1.082r 
1.207 s = 0.9248 
0.765 8 = 0.828 + 
oreo, 

360° =n 


nsr 


| Square prism 


2/"—-A -————__—+- 


= volume; A = orea of end wurhoce. | 
VaohxXA 

i-eim nal Oo-aat eee 

found by the formulas for creas of | 
Soepen Se panmgon™. 

Dimension h must be measured perpen-— 


_| Siar ond voto 
. — 


oreo; C = circumference 
0.7854 a2 
3.14160 

C + 6.2832 
c 3.1416 


re h—e 


Prism 


0564\/A 
1128 V/A 


(Continued on next page) 








AREAS 
AND 
VOLUMES 


(Continued) wre ra, 


i 
ase Az 


Frustum of pyramid 


rm he de 


Cylinder 


pale 


Portion of cylinder 


4d} 
a rn “a 5 a 
Hollow cylinder 


SO 


- | bd 


Cone 


{(5@ 


Frustum of cone 


- 





GAGE 
THICKNESS 
WEIGHT 
STEEL 
SHEETS 








perabo! 


Vv = volume 


h| \ 
3 (AitArt VAX, 


} 


v volume; S orea of curved 


surfoce 
v 0.7854 dt%h 
s 6.2832 rh 


Areca of all surfaces is S plus twice 
the area of on en 


v volume; S crea of curved 
surface 
v 0.3927 d2 (h, + h,) 


S$ = 1.5708 d(h, + h,) 


Vv volume 


V = 0.7854 h (D2 — d2) 
3.1416 he (R + ¢) 


v volume; A orea of conical 
surtace 

. 0.2618 dth 

A 1.5708 ds 

o= Atm 

v volume; A area of conical 
surtoce 

Vv 1.0472 h (R2 + Rr + +2) 

A = 3.14165 (8 + 1) 

° ar s=y ot + hb? 


v volume; A = oreo of surface 
Vv = 0.523% 
eo 3.1416 @? 

0.6204 x cube root of V 


Vv volume; A totol area of 
conical and spherical surface. 

V = 2.0944 rth 

a 3.1416 6 (2h + “e) 

c 2 h(2r—h) 


+ volume; A = area of spherical 


surface 
h\ 
2 -.]| 
v 3.1416 h \' 3] 


a 2erh 

¢=2\Vhir—-h) 

+. volume; A orea of spherical 
surface 


2 2 
V = 0.5236 h( 25s + 35s" 4p 
\ 4 4 


A = 2erh = 6.2832 rh 


Vv approximate volume 

if sides ore bent to the orc of a 
circle 

V = 0.262 h (2 D2? + d2) 

if sides ore bent to the arc of a 


lo 
V = 0.209 h (2 D2? + Od + % d2) 


Steel | Galvanized Stee! 
Weight, Pounds per Square Foot 

7.500 | . 

6.875 

6.250 

5.625 

5.000 

4.375 

3.750 

3.125 

2.812 

2.500 

2.250 


Circum. 
.3927 
7854 

1.1781 
1.5708 
1.9635 
2.3562 
2.7489 


3.1416 
3.5343 
3.927 

4.3197 
4.7124 
5.1051 
5.4978 
5.8905 


6.2832 
6.6759 
7.0686 
7.4613 
7.854 

8.2467 
8.6394 
9.0321 


9.4248 

9.8175 
10.2102 
10.6029 
10.9956 
11.3883 
11.781 
12.1737 


12.5664 
12.9591 
13.3518 
13.7445 
14.1372 
14.5299 
14.9226 
15.3153 


15.708 

16.1007 
16.4934 
16.8861 
17.2788 
17.6715 
18.0642 
18.4569 


18.8496 
19.2423 
19.635 

20.0277 
20.4204 
20.8131 
21.2058 
21.5985 


21.9912 
22.3839 
22.7766 
23.1693 
23.562 

23.9547 
24.3474 
24.7401 


25.1328 
25.5255 
25.9182 
26.3109 
26.7036 
27.0963 
27.489 

27.8817 


28.2744 
28.6671 
29.0598 
29.4525 
29.8452 
30.2379 
30.6306 
31.0233 


CIRCUMFERENCES AND AREAS OF CIRCLES 


FROM ¥% TO 20 


Area Diam. Circum. Area 
.012272 10 31.416 78.54 

.049087 10% 31.8087 80.5158 
-110447 10% 32.2014 82.516) 
-19635 10% 32.5941 84.5409 
-306796 10% 32.9868 86.5903 
441787 105% 33.3795 88.6643 
601322 10% 33.7722 90.7628 
7854 10% 34.1649 92.8858 


99402 11 34.5576 95.0334 
1.2272 11% 34.9503 97.2055 
1.4849 11% 35.343 99.4022 
1.7671 11% 35.7357 101.6234 
2.0739 11% 36.1284 103.8691 
2.4053 11% 36.5211 106.1394 
2.7612 11% 36.9138 108.4343 

% 
3.1416 11% 37.3065 110.7537 


12 37.6992 113.098 
renee 12% 38.0919 + 115.466 
4.4301 12% 38.4846 117.859 
4.9087 12% 38.8773. 120.277 
5.9396 12% 39.6627 125.185 
6.4918 12% 40.0554 127.677 

12% 40.4481 = 130.192 
7.0686 


13 40.8408 132.733 
rp 13% 41.2335 135.297 
sone 13% 41.6262 137.887 
yer 13% 42.0189 140.501 

asans 13% 42.4116 143.139 

baer 13% 42.8043 145.802 

113008 13% 43.197 148.49 

, 13% 43.5897 151.202 

12.5664 14 43.9824 153.938 

13.3641 14% 44.3751 156.7 

14.1863 14% 44.7678 159.485 

15.033 14% 45.1605 162.296 

15.9043 14% 45.5532 165.13 

16.8002 14% 45.9459 167.99 

17.7206 14% 46.3386 170.874 

18.6655 14% 46.7313 173.782 

19.635 15 47.124 176.715 

20.629 15% 47.5167 179.673 

21.6476 15% 47.9094 182.655 

22.6907 15% 48.3021 185.661 

23.7583 15% 48.6948 188.692 

24.8505 15% 49.0875 191.748 

25.9673 15% 49.4802 194.828 

27.1086 15% 49.8729 197.933 


28.2744 16 50.2656 201.062 
29.4648 16% 50.6583 204.216 
30.6797 16% 51.051 207.395 
31.9191 16% 51.4437. 210.598 
33.1831 16% 51.8364 213.825 
34.4717 16% 52.2291 217.077 
35.7848 16% 52.6218 220.354 
37.1224 16% 53.0145 223.655 
17 53.4072 226.981 
ao. 17% 53.7999 230.331 
41.2826 17% 54.1926 233.706 
rie 17% 54.5853 237.105 
44.1787 17% 54.978 240.529 
popreed 17% 55.3707 243.977 
pape 17% 55.7634 247.45 
7071 17% 56.1561 250.948 
18 56.5488 254.47 
50.2656 18% 56.9415 258.016 
51.8487 18% 57.3342 261.587 
53.4563 18% 57.7269 265.183 
55.0884 18% 58.1196 268.803 
56.7451 185 58.5123 272.448 
58.4264 18% 58.905 276.117 
pep 18% 59.2977 279.811 
‘ 19 59.6904 283.529 
63.6174 ' 19% 60.0831 287.272 
65.3968 - 19% 60.4758 291.04 
67.2008 19% 60.8685 294.832 
69.0293 ~ 19% 61.2612 298.648 
70.8823 - 19% 61.6539 302.489 
72.7599 19% 62.0466 306.355 
74.6621 -! 19% 62.4393 310.245 
76.5888 20 62.832 314.16 
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TRIGONOMETRIC FORMULAS 


‘ OBLIQUE TRIANGLES 


MECHANICS OF MATERIALS 


Stress is distributed force; its intensity per unit area is generally 
expressed in pounds per square inch. 

The elastic limit of a material is the maximum stress in pounds 
per square inch that will be followed by a complete recovery of 
a. ace form, after the removal of the stress. 

Fonwiies Permanent set is the change in form of a member when stressed 
- ae beyond its elastic limit. 
A.B.a Cb C = 180° —(A +B), b=—2—. sinB The ultimate strength of a material is the least stress in pounds 
sin A per square inch that will produce rupture. 

Modulus of elasticity is the number obtained by dividing the 
actual stress in pounds per square inch by the corresponding 
elongation per inch. 

The factor of safety is the factor obtained by dividing the ulti- 
mate strength by the actual stress in pounds per square inch. 


s = 4 (a+b+c) 








Known | Required 





c c = —" sin (A + B) 
sin A 


B,C | sinB = “2A b, C = 180° — (A + B) 


c c= sin C 


‘sin A * 
%(A+B)| %(A +B) =9°—%C 
xi 
——t A + B) ‘ . —_— 
Fo mn 4 For direct stress, uniformly distributed, 
AB | A=%(A+B) + %(A—B) 
| B= %(A +B) — % (A—B) wine er 
ae 


| Tension and Compression 
%(A—B)| tan4%(A—B) = 2 


cos 4% (A + B) 
cos 4% (A — B) : . 

p = stress in pounds per square inch, 
sin 4 (A + B) 


(a — >) is (A By P = total load in pounds, ; 
F = cross-sectional area in square inches. 


¢c (a + b) 


V a? + b? — 2ab. cos C 
= WabsinC. 
(s—b) —c) E= ~ 


—_MA «@ 
sin 4A . “r 


s(§— a) 

be 

(s — b) (§— cc) 
s (s — a) 


cose ’%A = q 
tan¥A = . 


sin A = 2's (s—a) (s—b) (—c)_ 
be 


2 (s — b) (@—<) 


deh os E = modulus of elasticity in tension or compression, 
= be 


= length of member in inches, 
e = elongation per inch length, 
\ = total elongation in inches. 


area = \ s (s — a) (8 — b) (8— ¢) 
a? sin B. sinC 
2sinA 





WEIGHT OF DRY AND SATURATED AIR 
AT DIFFERENT TEMPERATURES 
IN LBS. PER CU. FT. 


tt WRIGHT OF DRY AND SATURATED AIR 
Ic FOOT 

AT ATHOSPHERIC PRESSURE OF 

14.7 POUNDS PER SQUARE INCE. 


COMPOSITION OF AIR 


Percent by Volume 
Dry Atmospheric Air at 
Air Sea Level (Average’) 


Nitrogen 78.03 77.08 
Oxygen 20.99 
Argon 94 








Carbon Dioxide 
Hydrogen 
Water Vapor 
Krypton 

Neon 

Niton 

Xenon 


.03 
01 


Trace 


100.00 





: International Critical Tables. 
? Guide American Society of Heating and Ventilating Engineers. 
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DETERMINATION OF HORSEPOWER, 
TORQUE, ETC. 


Horsepower is a unit of mechanical energy or work, and is 
egual to 
33000 ft-lbs per min. 
550 ft-lbs per sec. 
42.4 Btu per min. 


Foot-Pound is a unit of mechanical energy or work, and 
is the work required to lift one Ib. through a vertical distance 
of one ft. 


The Btu (British thermal unit) is equivalent to 778.26 ft. 
lbs., which is 1/180 part of the heat energy required to raise 
the temperature of one pound of water from 32° F. to 212° F. 


Horsepower-hour is a unit of power, and equals hp. times 
time in hours of its duration. 


Torque is turning effort caused by a force acting normal 
to a radius at a set distance from the axis of rotation, and is 
expressed in pound-feet (Ibs. at a radius of 1 ft.) — 


HP 
Torque = x 5250 


RPM 


ENGINE HORSEPOWER 


Engine horsepower is taken as 33,000 foot-pounds of work 
in one minute, or 550 foot-pounds of work in one second. To 
express indicated horsepower the following formula is used: 


mep LAN 


ihp = 
33,000 
Where: 


mep is the mean effective pressure (as shown by a steam engine 
indicator diagram) in pounds per square inch, acting on the 
piston. 


L is the length of the stroke in feet. 

A is the area of the piston in square inches (area of the piston 
rod to be deducted for the crank end). 

N is the number of working strokes per minute (in double-act- 
ing steam engines it will be twice the number of revolutions). 


INDICATED HORSEPOWER OF GAS 
ENGINES 


The same formula is used for this calculation, except that 
the symbol N represents the total number of explosions per 
minute in all cylinders. 

In computations for four-stroke cycle, single cylinder, sin- 
gle-acting gas engines firing every fourth stroke, this will be 
the revolutions per minute, divided by two. For two-stroke 
cycle, single cylinder, single-acting engines, firing every sec- 
ond stroke, or once every revolution, the value of N will be 
represented by the number of revolutions per minute. 


ELECTRICAL HORSEPOWER (INPUT) 


The unit for measuring the electrical horsepower input to 
a motor is the watt. For direct current this is the product of 
the volts E and the amperes J, measured at the motor termi- 
nals, and is represented as W = EI. Since 746 watts are equiv- 
alent to an electrical horsepower, the following formula repre- 
sents the above relations: 
EI 
HP = —— 
746 
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Should the power used be taken from an alternating cur- 
rent system, the conditions as outlined below will hold. 

If W = watts, E = average volts between terminals, / = 
average line current, and pf = power factor expressed as a 
decimal fraction, the following formulae represent their re- 
lations: 


EI X pf 
Single phase HP = 
746 


2 El X pf 
Two phase HP = ————— 
746 


1.732 El X pf 
Three phase HP = 





746 


MOTOR SPEED 


AC Motors. The synchronous speed of AC motors is deter- 
mined by the number of poles and frequency. 


120 x f 


Synchronous speed = 
P 


where f — frequency in cycles 
p = number of poles of the motor 


Induction motors will have full load speeds of from 2 to 
6% less than the above, average 4% less. 


DC Motors will have standard full-load speeds when hot 
of: 575, 850, 1150, 1750, and 3500 rev per min (rpm). 


At normal temperature, rated load, and voltage the varia- 
tion above or below the above full-load motor speeds may 
not exceed 742% in motors up to 7% hp at 1150 rpm 5% 
in motors larger than 7% hp at 1150 rpm. 


ELECTRICAL TERMS 
Volt 


VoLT is a measure of electrical “pressure” or electro-mo- 
tive force. Mathematically, it is the product of electrical re- 
sistance and electrical current. Volt = Resistance < Current. 


Ampere 


AMPERE is a practical unit of current and is that current 
which flows through a conductor having a resistance of 1 
ohm and a difference of potential of 1 volt between its ends. 


Ohm 


Oxo is a practical unit of electrical resistance and is that 
resistance through which the fall of potential is 1 volt when 
the current strength is 1 ampere. 


Watt 


Watt is the practical unit of power and is produced when 
1 ampere flows under an electromotive force of 1 volt. 


Kilowatt Hour 


KiLowatTtT Hour is the commercial unit of electrical energy 
and is 1000 watts per hour equivalent to 3412 Btu. 
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TRIGONOMETRIC FORMULAS 


OBLIQUE TRIANGLES 





s = \% (a+b+c) 





Required 


Formulae 


a 


C,b | C = 180°— (A +B),b= sin B 


c 


B, C | sinB 


w%(A+B)| 4A 


A,B A 
| B 


sin A 


area 





COMPOSIT 


~ sin A 


ch eee 
¢ sin A * 


4 (A + B) + 4% (A— B) 


4 (A + B) — 4% (A— B) 


sin 4% 
cs ¥%A = \ 


tanwA = . 


‘sin A * 
sin (A + B) 


és en A b, C = 180° — (A + B) 


sin C 


+B) =9°—KC 
a-—b 


%(A—B)| tan (A—B) = ——" tan 4% (A + B) 


cos 4 (A + B) 
cos 4% (A — B) 
sin 4% (A + B) 
sin 4% (A — B) 


a? + b? — 2ab. cos C 


+ b) 


— b) 


= WabsinC. 


4 (s — b) @—c) 
A = y - 
s(s— a) 

be 
(s— b) (§S—c) 

s (s — a) 
2 v's (sa) (s—b) (S—<)_ 
, be 


2 (s—b) (s—¢) 


versA = —— Se 


= \s(s— a) S— b) (8—C) 
_ asin B. sinC 
7 2 sin A 


ION OF AIR 


Percent by Volume 
Dry Atmospheric Air at 
Air Sea Level (Average’) 





Nitrogen 
Oxygen 

Argon 

Carbon Dioxide 
Hydrogen 
Water Vapor 
Krypton 

Neon 

Niton 

Xenon 


78.03 77.08 
20.99 

94 

.03 

01 


Trace 


_ 


100.00 





? International Critical Tables. 


2? Guide American Society of Heating and Ventilating Engineers. 





MECHANICS OF MATERIALS 


Stress is distributed force; its intensity per unit area is generally 
expressed in pounds per square inch. 

The elastic limit of a material is the maximum stress in pounds 
per square inch that will be followed by a complete recovery of 
form, after the removal of the stress. 

Permanent set is the change in form of a member when stressed 
beyond its elastic limit. 

The ultimate strength of a material is the least stress in pounds 
per square inch that will produce rupture. 

Modulus of elasticity is the number obtained by dividing the 
actual stress in pounds per square inch by the corresponding 
elongation per inch. 

The factor of safety is the factor obtained by dividing the ulti- 
mate strength by the actual stress in pounds per square inch. 


Tension and Compression 
For direct stress, uniformly distributed, 
P 
p= 


p = stress in pounds per square inch, 
P = total load in pounds, 
F = cross-sectional area in square inches. 
r 
£ = P ‘= 7 


€ 


E = modulus of elasticity in tension or compression, 
1 = length of member in inches, 

e = elongation per inch length, 

\ = total elongation in inches. 


WEIGHT OF DRY AND SATURATED AIR 
AT DIFFERENT TEMPERATURES 
IN LBS. PER CU. FT. 


PER CUBIC 
AT ATHOSPHERIC PRESSURE OF 
14.7 POUNDS PER SQUARE INCE. 


American Gas Journal, October 1, 195 
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DETERMINATION OF HORSEPOWER, 
TORQUE, ETC. 


Horsepower is a unit of mechanical energy or work, and is 
equal to 
33000 ft-lbs per min. 
550 ft-lbs per sec. 
42.4 Btu per min. 


Foot-Pound is a unit of mechanical energy or work, and 
is the work required to lift one Ib. through a vertical distance 
of one ft. 


The Btu (British thermal unit) is equivalent to 778.26 ft. 
lbs., which is 1/180 part of the heat energy required to raise 
the temperature of one pound of water from 32° F. to 212° F. 


Horsepower-hour is a unit of power, and equals hp. times 
time in hours of its duration. 


Torque is turning effort caused by a force acting normal 
to a radius at a set distance from the axis of rotation, and is 
expressed in pound-feet (Ibs. at a radius of 1 ft.) — 


HP 
x 5250 
RPM 


Torque = 


ENGINE HORSEPOWER 


Engine horsepower is taken as 33,000 foot-pounds of work 
in one minute, or 550 foot-pounds of work in one second. To 
express indicated horsepower the following formula is used: 


mep LAN 


ihp = 
33,000 
Where: 


mep is the mean effective pressure (as shown by a steam engine 
indicator diagram) in pounds per square inch, acting on the 
piston. 

L is the length of the stroke in feet. 

A is the area of the piston in square inches (area of the piston 
rod to be deducted for the crank end). 

N is the number of working strokes per minute (in double-act- 
ing steam engines it will be twice the number of revolutions). 


INDICATED HORSEPOWER OF GAS 
ENGINES 


The same formula is used for this calculation, except that 
the symbol N represents the total number of explosions per 
minute in all cylinders. 

In computations for four-stroke cycle, single cylinder, sin- 
gle-acting gas engines firing every fourth stroke, this will be 
the revolutions per minute, divided by two. For two-stroke 
cycle, single cylinder, single-acting engines, firing every sec- 
ond stroke, or once every revolution, the value of N will be 
represented by the number of revolutions per minute. 


ELECTRICAL HORSEPOWER (INPUT) 


The unit for measuring the electrical horsepower input to 
a motor is the watt. For direct current this is the product of 
the volts E and the amperes J, measured at the motor termi- 
nals, and is represented as W = EI. Since 746 watts are equiv- 
alent to an electrical horsepower, the following formula repre- 
sents the above relations: 
EI 
HP = —— 
746 
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Should the power used be taken from an alternating cur- 
rent system, the conditions as outlined below will hold. 

If W = watts, E = average volts between terminals, / = 
average line current, and pf = power factor expressed as a 
decimal fraction, the following formulae represent their re- 
lations: 


EI X pf 
Single phase HP = 
746 


2 El X pf 
Two phase HP = ————— 
746 


1.732 El X pf 
Three phase HP = 





746 


MOTOR SPEED 


AC Motors. The synchronous speed of AC motors is deter- 
mined by the number of poles and frequency. 


120 xf 
Synchronous speed = 


P 


where f = frequency in cycles 
p = number of poles of the motor 


Induction motors will have full load speeds of from 2 to 
6% less than the above, average 4% less. 


DC Motors will have standard full-load speeds when hot 
of: 575, 850, 1150, 1750, and 3500 rev per min (rpm). 


At normal temperature, rated load, and voltage the varia- 
tion above or below the above full-load motor speeds may 
not exceed 712% in motors up to 7% hp at 1150 rpm 5% 
in motors larger than 72 hp at 1150 rpm. 


ELECTRICAL TERMS 
Volt 


VoLT is a measure of electrical “pressure” or electro-mo- 
tive force. Mathematically, it is the product of electrical re- 
sistance and electrical current. Volt = Resistance < Current. 


Ampere 


AMPERE is a practical unit of current and is that current 
which flows through a conductor having a resistance of 1 
ohm and a difference of potential of 1 volt between its ends. 


Ohm 


Oxo is a practical unit of electrical resistance and is that 
resistance through which the fall of potential is 1 volt when 
the current strength is 1 ampere. 


Watt 


Warr is the practical unit of power and is produced when 
1 ampere flows under an electromotive force of 1 volt. 


Kilowatt Hour 


KiLowatTtT Hour is the commercial unit of electrical energy 
and is 1000 watts per hour equivalent to 3412 Btu. 
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PROPERTIES OF SATURATED STEAM—PRESSURE TABLE 





Specific Volume | Total Heat Entropy | | Specific Volume Total Heat | Rateep 
cu ft per Ib Btu, °F /Ib | cu ft per Ib Btu per Ib | Btu/°F/Ib 
Abs an Be Abs 


| | : | } x | press 
Ib/in!® Sat Sat Sat | Sat > Sat | fb/in? Borin °F Sat Sat 
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20.089 196. 16 1156.3 3356 7319 1 8803 374 08 1200.9 | .6653 1.6280 
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PROPERTIES OF SUPERHEATED STEAM 





Abs Press *° } Temperature— Degrees Fahrenheit | Temperature— Degrees Fahrenheit 
Baa ) a - ie a 
(Sat temp) jater (Sat temp ater “apor 
| oo" 700" "908" =: 1008" =. 1200" 
02 3 452.3 | 5120} S716| 6312| 6908| 7504 v 0188/1 e511 | 2.156) 2392] 2621 | 2545 | 3 066 | 3 504! 
1 69.7 1241 7 1335.7 | 1383.8 | 7 387.0) 1202 3 | 1316 2 | 1369 4 | 142. 5 | 1473 5 | 1525 8 | 1632 1 
(101 74) 1362 2.1720 2 2702 | 2 3137 5801, 1 Sleé | 1.60354 | 1 6834 | 1.7265 | 1.7662 1 8033 | 1 8716 | 


02 126.16 | ' 150 0189| 1 5433 | 2.005 2 2652 | 2.859 | 3.269 
5 130.1 1335 4 | 482 seo {hh -393-8| 1202 8 | 13147 1472 8 | 1525 2-| 1631 7 
(162.24) 2347 2.0927 | 5879] 1.5104 | 1.6268 | 1 7562 | 1.7984 | 1 6638 


02 63.08 | 80.95 0191) 1 3260 | 1 703 2.084 | 2266 { 2445 | 2 798 
10 161 2) 1143 1335 1 | tO 409 7, 1203.9 1471 1) 1523 8 | 16307 
(193. 21) 2935) 1 787 2.0160 | 2 0596 | 2 6056) 1.4966 | 1.6070 | 1 6563 | 1 7002 | 1.748 | 17777 | 1.8463 


ie 
02| 4286 46% | 51.00| 55.07 0193 1 1613 1.6508 ; 1 8161 | 1 9707 | 2 134] 2 445 
14.6% 180 1! 7 1334 8 | 1383 2 1432.3 a 0; 1204 5 1416 4 | 1469 4 | 1522 4 | 1629 6 
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With permission. “Cameron Hydraulic Data.’ Copyright 1951, Ingersoll-Rand Co. 


26 


American Gas Journal, October 1, 1953 





BOILER HORSEPOWER 


[he equivalent evaporation of 34.5 pounds of water per 
hour from a feed water temperature of 212 deg F. into steam 
at the same temperature is a boiler horsepower. Since the 
actual operating conditions of a boiler are seldom “from and 
at 212 deg F” a factor is needed to convert the rating from the 
act tual conditions to what they would be “from and at 212 

jeg.” This is called the “factor of evaporation” and equals 
ratio of the heat required to generate 1 pound of steam under 
actual conditions to that required to make 1 pound of steam 
“from and at 212 deg F.” 


NOTES ON STEAM AND STEAM BOILERS 


Steam is perfectly transparent, colorless, dry, and invisible. 
When partially condensed, as in contact with the air, the mist 
or spray makes it visible. 


Dry steam contains no free moisture. It may be either sat- 
urated or superheated. 


Wet steam contains free moisture in the form of mist or 
spray, and has the same temperature as dry saturated steam 
at the same pressure. 


Saturated steam is steam in its normal state. Its temperature 
is that due to the pressure under which it is formed; that is 
its temperature is the same as that of the water from which it 
is generated and upon which it rests. 


Superheated steam is steam at a temperature above that 
due to its pressure being further heated from another source, 
after leaving the water from which it is generated. 


One volume of water evaporated at normal atmospheric 
pressure and temperature of 212° F. becomes 1603 volumes 
of steam. 


One cu. ft. of steam weighs .03731 Ibs., and 1 lb. of steam 
occupies 26.80 cu. ft., at a pressure of 14.696 lbs. per square 
inch and a temperature at 212° F. 


The latent heat of vaporization of water to steam is 970.3 
Btu per lb. at atmospheric pressure. 


The best designed boilers, well set, with good draft and 
skiliful firing, will evaporate from 7 to 10 lbs. of water per 
pound of first-class coal. 


With small boilers in industrial plants, heat liberations of 
approximately 15,000 Btu per cu. ft. of furnace volume per 
hour are attained, whereas, in large central stations, this can 
run up to 30,000 Btu per cu. ft. or higher. 


The horsepower rating of a boiler is based on its heating 
surface, 10 square feet of heating surface being allowed per 
rated horsepower. 


The relation between heat liberation, heating surface, per 
cent rating, and boiler efficiency is as follows: 


Heat liberation Btu per hr. = 


Heating Surface X 33,500 X % Rating 





10 X % efficiency 


The information on horsepower calculations, motors, steam and steam 


lers is published through courtesy of “Compressed Air Data” and “Cam- 


ron Pump Data.” 
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WATER HORSEPOWER FORMULAS 


gal. per min. X head in feet specific gravity 
Work? — —_____... 
3960 


gal. per min. < head in Ibs. per sq. in. 





or Water H.P. = 





1714 


Water H.P. 
Brake H.P. = ———_—_——___ 
Efficiency of Pump 


Kw. hrs. per 1,000 gal. cold water pumped per hour = 
head in feet of water « 0.00315 


efficiency of pump X efficiency of motor 





Cameron Hydraulic Data. 


EFFICIENCIES OF ELECTRIC MOTORS 


Induction Motors 
FullLoad *%Load '%Load 


1 to 2 Hp. 81 79 76 

3 to 5 Hp. 85 S4 82 
10 to 25 Hp. 87.5 87 85 
25 to 50 Hp. 89 88.5 86.5 ; 85 
75 Hp.-100 Hp. 91 90 88 ‘ 88 
150-200 Hp. 92 91.5 89.5 89.5 
Above 200 Hp. 93.5 93 91 . ' 92 


Unity PI F. . Syn. Motors 
Full Load “Load '%Load 








Rating 








pa above are averages for 1200 and 1800 RPM motors. 
speed motors.—Efficiencies will be from 1 to 2% lower—2200 volt motors 
100 HP and above have approximately the same efficiency as ae voltage motors. 
On smaller sizes the 2200 volt motors have efficiencies 1 to 2% low 


er. 
Slip ring motors in the smaller sizes will have full load efficiencies of 1 to 3% 
o wer. 


POWER REQUIREMENTS OF POSITIVE 
BLOWERS AND EXHAUSTERS 


B.H.P. = .00474 X D X R.P.M. X P. 
Where 
B.H.P. equals horsepower required to drive the blower or 
exhauster. 
D equals displacement in cubic feet per revolution. 
R.P.M. equals revolutions per minute. 


P equals outlet minus inlet pressure in pounds per square 
inch. (If inlet pressure is atmospheric, then P is the outlet 
gauge pressure.) 


Note: This formula assumes a mechanical efficiency of 92 per 
cent for the blower or exhauster. 


Volumetric efficiency is provided for since actual capacity is less 
than actual R.P.M. multiplied by displacement. 


Engineering Tables—Roots-Connersville. 


BEARING POWER OF SOILS 


Bearing Power in Tons Per Square Foot 


Minimum Maximum 


Type of Soil 


Rock in thick layers—native. 

Rock equal to best ashler masonry. 

Rock equal to best brick masonry. 

Rock equal to poor brick masonry. 

Clay in thick beds always dry. 

Clay in thick bed moderately dry. 

Clay soft. 

Gravel and coarse sand well ce- 
mented. 

Sand compact and well cemented. 

Sand clean and dry. 

Quick sand and alluvial soils. 





TABLE OF SUGGESTED CONCRETE MIXTURES 


Gallons of Gallons of 


Water Water 
TYPE OF WORE Per Bag of TYPE OF WORK Per Bag of Trial Mix 


Cement Cement 
Structural parts, columns, etc., subjected Sidewalks, Steps and Stairways 5 1-242-4 

to high stresses 1-1%-2% | Silos, Grain and Coal Bins, and similar 
Sea water concrete 1-1%-2% structures 5¥% 1-24%2-4 
Manure Pits, Dipping Vats, Hog Wallows 6 1-242-4 
1-2-3 Gutters, Runways, Hotbeds, etc. 54% 1-242-4 
Concrete subjected to water pressure such Basement walls not subject to water 

as: Swimming pools, Reservoirs, Cis- pressure 6 1242-4 

terns, Elevator pits, Vats, etc. 1-2-3 Footings, Foundations 64 1-35 
Fence posts and other pre-cast units ... 1-2-3 Heavy retaining walls .. 6 1-3-5 
Engine foundations not subject to exces- 
Reinforced concrete such as: Walls, Col- sive vibration 6 1-3-5 
1-2.342 | Barnyard pavements and feeding floors .. 54% 1-3-5 


1-2-342 Note:—Suggested water per bag of cement makes allowance 
1-2-31% for average moisture in aggregates as used. If the aggregates 
are wet the recommended water should be reduced 1 gallon 
Curbs, Driveways and Approaches ..... 1-2-3142 os 3 eaaiads ad es ae gh 
Engine foundations, heavily loaded and batch ‘Saaeen raf stiff, ty my r : 


the t of sand and stone 
subjected to vibration . 1-2-3 until the desired consistency is obtained. 









































MATERIALS REQUIRED FOR 1 CUBIC YARD OF MORTAR AND CONCRETE 


a 1” Stone 2/2” Stone 21"" Stone 
%" Gravel Dust Out Dust Out Most Small Stone Out 


Barrels Cubic i Barrels Cubic Barrels | Cubic Barrels Cubic Cubic 
Yard Yard Yard Yard Yard 
Cement Sand | s Cement Sand Cement be Cement pine Pont 











3.61 0.80 i 3.87 0.86 Using sand 
3.02 0.90 ” o : 3.21 0.95 = - 
2.60 0.96 2.74 1.01 ag i 


2.28 | 1.01 z 2.39 | 1.06 ” a 


2.30 0.35 . . , . 2.63 0.40 
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Water cement ratio means WATER CEMENT RATIOS 94 lbs. cement 


1 sack cement 
pding onesecetiestnaprertaaged Water Cement} Gal. Water Lb. Water Lb. Water 7% gals. water 
ume to cement in volume as Ratio Per Sack Per Sack Per 10 lb. 62% lbs. water 
used to make concrete. For by Volume of Cement of Cement Cement 8% Ibs. water 
example, if the amount of By “water” is meant ‘ 
water in the batch is 1 cubic 53 4.0 33.2 3.53 in the sand and stone plus 
foot (742 gallons) and the 45 37.35 3.97 — added at the mixer. 

ery wet sand will con- 
conent of coment tn So hawk 66 5.0 41.5 4.41 tain from % to 1 gallon per 
is also 1 cubic foot (1 sack) ; 58 an one cubic foot. 
then the W/C ratio is 1.0. -~ ' \ Moderately wet sand will 


lons per sack of quest, then 86 6.5 53.95 5.73 cubic foot. sa elie 


93 7.0 58.1 6.17 about % gallon per cubic 
the W/C will be 7 = 0.939 oor 


‘ 7.5 62.5 6.61 

or 0.933 cu. feet b- water per NOTE: THE COARSER THE 
SAND, THE LESS WATER 

batch. 6.0 66.4 7.05 WILL ‘CARRY. 


sack 





cu. 
cu. 

cu. 

gallon 




















Lehigh Portland Cement Co. 


American Gas Journal, October 1, 1953 








PHYSICAL CONSTANTS OF CHEMICAL ELEMENTS 
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WEIGHTS AND SPECIFIC GRAVITIES 


Weight ad Weight 
Substance Lb. per Specific Substance Lb. per Specific 
Cu. Ft. Gravity Gravity 


METALS, ALLOYS, ORES 








BRICK MASONRY 


Aluminum, cast, 
hammered 
Aluminum, bronze....... 
Brass, cast, rolled 
Bronze, 7.9 to 14% 
Copper, cast, rolled 
Copper ore, pyrites 
Gold, cast, hammered... 
1FOM, CASE, PIG. .cceccccce 
Iron, wrought 
tron, steel .......ceceeee 
a ne et VARIOUS BUILDING 
Lead 7 710 MATERIALS 
Mercury Ashes, cinders 
0 eee Cement, portland, loose.. 
Nickel, mone! metal ‘ Cement, portland, set.... 
Platinum, cast, hammered Lime, gypsum, loose 
Silver, cast, hammered... Mortar, set 
Tin, cast, hammered.... Slags, bank slag... 
Zinc, CaSt, rowed... Slags, bank screenings.. 
Slags, machine slag 


Slags, slag sand 
VARIOUS SOLIDS gs, slag 


Granite, syenite, gneiss.. 
Common brick 
OCS MOONE cancccccence ° 


'N 
a 
a 


DoOANT OANA 
7 > “Ky: 
NYNiupowoNn 


CONCRETE MASONRY 
Cement, stone, sand 
Cement, 

Cement, cinder, etc 


Pr ON& 
Swoon 


~x 
oo 


Ow 


NNahoe 
ow 


= 

PNOP CS... 

Cpu OWS 
p - 


Hay and straw EARTH, ETC. 


Cotton, Flax, Bins 47-1. EXCAVATED 
Glass, common 


7 " Clay, dry 
<< 0.1, Clay, damp, plastic 
‘Rubber goods 0-2. Clay and gravel, dry.... 
Salt, granulated, piled... 48 ebony =e oon? * 
Sailtpeter arth, dry, packed.. 
Earth, moist, loose.. 
Earth, moist, packed 
Earth, mud, flowing 
aoe —_ packed 
prap, limestone 
TIMBER, U. S. SEASONED Riprap, sandstone 120 
; LOTR, GROIN 402 cvcccese 
mc anaes by —— wove, ay, a. Rp 
* o/ and, gravel, dry, packe - 
See ee ae en bene Sand, gravel dry, wet... 118-120 
Ash, white, red 
Cedar, white, red........ 
Cypress 
Fir, Douglas spruce 
Fir, eastern 
Eim, white 


°° 
oom 
oOo 
ou 


SN o=all 


oo 
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EXCAVATIONS IN 
WATER 
Sand or gravel 


Sand or gravel a 
Clay 


NVPob 
a 
i] 


°° 
_> 


Pe ee oe ee ee bee ot ed 


Maple, hard 
Maple, white 


Oak, white 

Pine, Oregon 

Pine, red .... 

Pine, white 

Pine, yellow, long-leaf... 
Pine, yellow, short-leaf.. 
Poplar 


SL9999999SSNOSOONN 


River mud .. 
Soil ° 
Stone riprap ......... 


MINERALS 


Asbestos 
Chalk 


Granite,.syenite ......... 
Greenstone, trap 
Gypsum, alabaster . 


49 G0 (100 00 + 


_~@nm di» bh Ame 24) an~e eae hm 8 


NUEBNUDOHOMND 
ORS I SSSI EGESSS: 


NPYNNAaN 
PROS 


Redwood, California 
Spruce, white, black 
Walnut, black 
Walnut, white 


Limestone, marble . 
Phosphate rock, apatite. 
Pumice, natural 

Quartz, flint 

Sandstone, bluestone 


Shale, slate 
VARIOUS LIQUIDS Soapstone, talc 


Alcohol, 100% 

Acids, muriatic 40% 
Acids, nitric 91% 
Acids, sulphuric 87%..... 
Lye, soda CY wcece 
Oils, vegetable 

Oils, mineral, lubricants. 
Water, ice 

Water, snow, fresh fallen 
Water, sea water 


° 
wo 
5h 


° 
Ps 
e9d9909 
o 
> 
a 
NNN; 


Sos) 
—— 


ip 
oo 
DNVAN WOK 
Te 
NNNNOS 
WOMDig MoOM~AA% 


COAL AND COKE, PILED 
Coal, anthracite 47-58 
Coal, bituminous, lignite 40-54 
PORt, Bare ocsicce. beewe es 20-2) 


S388 


Charcoal 
Cok 


$82.....0 


tT) 


=: 
8 Sse 


8. 
‘ 
= 


BITUMINOUS 
SUBSTANCES 

REFRACTORIES Asphaitum 

Coal, anthracite 
, bituminous 


Brick, fire clay 


Brick, silica ‘6-1. Lignite 


Brick, chrome 
Brick, magnesite 
Chrome cement 


Peat, turf, dry ‘ 
Charcoal, pine ...... cove 
Charcoal, oak ...... ° 


SERQAONY 


coe eC ¢ 


Owns 


Fire clay 
Magnesite cement 
Silica cement 








ON?-C0C°9°°9°22=2> 





The specific gravities of solids and liquids refer to water at 4°C., those of gases to air at 
0°C. and 760 mm. pressure. The weights per cubic foot are derived from average specific gravi- 
ties, except where stated that weights are for bulk. heaped or loose material. etc. 
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COMBUSTION REACTIONS 


Heats of Combustion at 60° F, and Flame Temperatures for 
Carbon, Hydrogen, and Some of Their Components 


Carbon as Graphite 





Max. flame 
temp., °F; 
corrected for 
dissociation 
(burned with 
theoret. air) 


Heat of combustion at 60°F 





Reaction 


Btu per 
Ib or cu ft 





C + 40: ~ CO 

eS © | eer 

CO + 40; — CO; 

CH, + 20; — CO; + 2H; 

CH. + 340; — 2CO; + 3H,0.... 
C3Hs + 50; — 3CO; + 4H,0 
C,Hie(iso) + 640: — 4CO, + 5H,0) 
CsH::(n) + 80; — 5CO, + 6H,0... 
C:H, + 30; ~® 2CO; + 2H1,0 

C,H. + 4430; aad 3CO, + 3H.0. 
C,Hs(iso) + 60, — 4CO, + 4H.0.. 


3,964. 
14,155. 
323. 
325. 
1,010. 
1,783. 
2,572. 
3,353. 
3,987. 
1,606. 
2,332. 
3,077. 
1,498. 
3,744. 
117,980. 
118,300. 
317,290. 


3,964. 
14,155. 
323. 
274. 
909. 
1,630. 
2,365. 
3,093. 
3,685. 
1,504. 
2,181. 
2,876. 
1,447. 
3,593. 
17,250. 
17,470. 
16,690. 





C:Hs + 90; = 7CO; + 4H,0 
CicoHs + 120, => 10CO; + 4H.0. aheus 

















The cubic foot is measured at 60°F and 30 in. Hg. 

Densities of C;H«, CaHs, CsHi2, and C,H. computed from the gas laws. 
All gases are dry. 

l = liquid, s = solid. 


! Computed from I.C.T. values. 
By permission, from “Gas Engineers’ Handbook.’ Copyright 1934, McGraw-Hill Book Co., Inc. 





PROPERTIES OF AIR AT ELEVATED TEMPERATURES 








Gas 
gravity 


Density 
in Ib 
per cu ft 


Volume of 
1 cu ft 60° 
air (or gas) 


Volume of 
1 Ib dry air 
in cu ft 


Heat content of dry air 


% Volume 





Btu/Ib 


heated air 


Bru/cu ft of 


60° air 


Btu/cu ft of 


of water 
vapor in 


Viscosity 
saturated air 


Ib/sec ft 


Thermal 
Conductivity 
Btu ft 


hr sq ft °F 





1000 
1200 
1400 
1600 


1800 
2000 
2500 
3000 





1.000 
0.962 
0.928 
0.897 


0.867 
0.839 
0.812 
0.787 


0.733 
0.684 
0.604 
0.541 


0.493 
0.450 
0.415 
0.383 


0.356 
0.313 
0.280 
0.253 


0.230 
0.211 
0.176 
0.151 


0.0763 
0.0734 
0.0708 
0.0684 


0.0662 
0.0640 
0.0620 
0.0602 


0.0559 
0.0522 
0.0461 
0.0413 


0.0375 
0.0343 
0.0316 
0.0292 


0.0272 
0.0239 
0.0214 
0.0193 


0.0176 
0.0161 
0.0134 
0.0115 





pope eeye 6 slime ee be 
N&OSa ners 


fad 
AN 





ee ee 
ak 


NNNN ! 
AhN © oo 
Union me Nw 


Ww ww be 
OW = 0 


NAW & b 
LSIF 


13.1 
13.6 
14.1 
14.6 


15.1 
15.6 
16.1 
16.6 


17.9 
19.1 
21.7 
24.2 


26.7 
29.2 
31.6 
34.2 





36.8 
41.8 
46.8 
51.8 


56.9 
62.0 
74.5 
87.1 





0 
4.73 
9.46 

14.4 


19.2 
24.0 
28.8 
33.6 


45.7 
57.7 
81.8 

106 


130 
155 
179 
203 


235 
289 
343 
398 


455 
509 


0 
0,347 
0.670 
0.985 


1.27 
1.54 
1.79 
2.02 


2.56 
3.01 
3.77 
4.38 


4.88 
5.32 
5.66 
5.93 


6.39 
6.91 
7.32 
7.68 





8.00 
8.21 


0 
361 
-722 

1.10 


1.46 
1.83 
2.20 
2.56 


3.49 
4.40 
6.24 
8.09 


9.92 
11.8 
13.7 
15.5 


17.9 
22.1 
26.2 
30.4 


34.7 
38.8 





1.74 

3.45 

6.46 
11.6 


0.0000119 
0.0000125 
0.0000128 
0.0000131 


19.7 
32.3 
51.1 
78.5 


0.0000133 
0.0000139 
0.0000142 
0.0000144 


0.0000153 
0.0000161 
0.0000175 
0.0000186 


0.0000200 
0.0000211 
0.0000222 
0.0000236 


0.0000247 
0.0000270 
0.0000292 
0.0000311 











0.0136 
0.0140 
0.0145 
0.0149 


0.0153 
0.0158 
0.0162 
0.0166 


0.0174 
0.0182 
0.0200 
0.0214 


0.0229 
0.0243 
0.0257 
0.0270 


0.0283 
0.0308 
0.0328 
0.0346 


0.0360 
0.0370 








“North American Combustion Handbook.’ Copyright 1952, The North American Manufacturing Co. 
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COMBUSTION CHARACTERISTICS OF TYPICAL GASES 


(CALCULATED ON DRY BASIS) 


Products of 
Cu. Ft. Combustion per 
Spe- B.t.u. of Volume of Gas Ulti- 
Constituents of Gas—Per Cent by Volume cific perCu. Ft. Air per ¢ on ~ mate 
A_________ ———__——, Grav- —“——__, Cu. Ft. H.0 % 
Kind of Gas . On Nz CoO H2 Ill. CHs C2He CsHs CeHio ity Gross Net of Gas CO: Vapor N2 CO: 
Natural Gas, Kettleman 
an California— 
yped Casinghead.... ..- 2+ eee eee ee --- 85.4 86 51 09 -67 1183 1071 11.06 1.215 2.215 8.742 12.2 
11 Gas, Long Beach, 
Angeles Basin, Cal- 
rnia — Stripped Cas- 
head K a pale = ive ; , . ; -66 1161 1051 10.87 1.194 8.587 
ral Gas, San Joaquin 
ley, California—Dry. le es ° bee % . ha os jaa -56 902 9.40 -987 7.442 
tural Gas, Gulf Coast 
1, Texas—Stripped.. n j - , ae 5 ans aSieds -61 849 8.80 .934 7.027 
Natural Gas—Texas Pan- 


undle : or e+ ted ; 67 9.85 1.076 7.882 
catural Gas, West Vi 
ee eT 69 11.00 1.212 8.700 
Gas—Casinghead, 
stripped oe ee — 74 11.56 1.292 9.148 


1.589 
Natural Gas—Sour ese oe es . : 91 13.79 SOs .064 11.094 
Coal Gas (Horizontal Re- 








-43 5.28 568 4.241 
-49 5.27 -589 4.299 
41 5.06 -527 4.060 
.40 4.86 476 3.935 
36 4.64 -429 3.741 


Gas . j ; Sito See, te 47 4.35 490. 1. 3.571 
"Gas 3 4 “To 48 4.51 495 3.723 
Carburetted Water 

Gas Oil Enrichment.... . i . Jaa are ashe -65 4.53 -799 ° 3.822 
Carburetted Water Gas—. 

Heavy Oil with Blow- 

eae ; , . et aes 71 4.38 740 3.825 
Carburetted Water Gas— 

Heavy Oil ith Blow- 

Riek setsss.> ~ '8 0.6 11.5 25.0 344 9.2 135 ... ... see 68 4.32 826 3.717 

nhuretted Water Ge 

Oil with 

forming and Blow Run. ‘ ’ . iach ae oa -65 ° B48 3.648 
Carburetted Water Gas— 

High Heating Value.... x y . . in pon -63 A 1.404 5.754 
Uncarburetted Water Gas 6. 7 , _— ean _-55 s d -536 1.852 
Butane Air G ae: be — ‘in ie ae a a ° -800 3.915 
Propane Air Gas sae A - i Sce ae ‘ _— d 840 3.952 
Propane Air Gas -1236 5.815 
Refinery Oil Gas—Liquid 

Phase Cracking (Cross 

) eal eas 2.654 12.208 
Refinery Gas—Vapor 

‘hase Cracking (Gy 

at 1) —— en ne 2.119 10.626 
rmed Refinery Oil Gas -938 3.189 
med Natural Gas— 


ter Gas Generator.. p , . * a ; ; eee ose eee ° . p> eo 
er Gas—Anthracite . eee . . ; ; reer ct er tT : ° 200 1.386 

r Gas — Bitumi- 179 1.529 

t Furnac © GOS. .cccce . cee j  Nagale -e] Malet ald ite , 010 = 1.160 





AVERAGE FLUE GAS DEW 
POINT FOR VARIOUS FUELS* 





Average dew point 
Fuel (Temperature, °F) 





Anthracite 68 
Semi-bituminous coal 84 
Bituminous coal 93 
Oil 111 
Natural gas 127 
Manufactured gas 137 
Propane gas (2,500 

Btu/cu ft) 119 
Butane gas (3,200 

Btu/cu ft) 124 
Butane-air gas mixture 

(535 Btu/cu ft) 


_ 


* American Society for Testing Materials 
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CHARACTERISTICS OF SIMPLE GASES 


Toxicity 
Com- Maximum 
bustion Amt. In- 
Velocity haled ie ( 
of Maxi- for One Thermal 
mum Hour Conduc- | 
Speed without Solubility tivity, Gravity za- 
Mixture Serious in Lbs. per B.t.u.per of the — tion 
in Feet Distur- Rapidly Lb. Water S.F. per °F. Liquid at 60°F 
Ignition per bance, Fatal, 60° F. per In. a B.t.u 
Compounds ° F. Absolute Air Air Temperature Second P.P.M. P.P.M.  P.P.M. per Sec. F. per Lb 
1076-1094 8. 


| 
i 
188 4.1 74 Simple asphyxiant 0.03305 ee Re 
731 ea mee oe : ss ae 0.04447 de ap I 
2 | 

| 


Limits of 
Inflammability 
Critical Lower Upper 
Critical Pressure, %by % by 
Gases Tempera- Lbs. per Volume Volume 
and ture Sq. In. Gasin Gas in 


Dangerous Specific Vapori- 
in 30 
Minutes 
to One 
Hour, 


Simple 


30” Hg 


0.05167 
0.0.49 
0.0,22 
4,000 Very slight 
0.0019 





492 a oid Simple asphyxiant 0.0438 
515 12.5 74 1000- or 1500-2000 0.0,412 
,073 ire aon 5 to 7% respiratory stimulant 
673 : 14 “Simple asphyxiant : +: ’ 
717 3. 12.! Simple asphyxiant . oi f 
632 9.! 965 approx. Anesthetic sees . oe) f 
529 ‘ 8.£ 930 approx. j Anesthetic -05 . 
544 ee es — a I 
485 : x oa Anesthetic, convulsive, irritant . . ‘ 1 
482 ~ ; Anesthetic, convulsive, irritant +: + . 
434 Anesthetic, convulsive, irritant . 

748 Simple asphyxiant and anesthetic . o ae / 
662 Anesthetic ne . 
ee ; u +r Anesthetic aeats oe eee 

911 33 - Simple asphyxiant and anesthetic - Og332 os vee 
701 7 ae 

612 


1191-1216 


1200-1382 
968-1166 


1,639 j es bf ; t pa ace h 
10,000 

1,307 oa : + - -7 Y , 7 in — 
3,000 


3,226 
547 


212 
706 








Apr. 1930. 





* Passauer. Das Gas und Wasserfach 73:313 





** Maximum reported in Bulletin 2 


By permission, from “‘Combustion.”’ 


79, Bureau of Mines 


Copyright 1938, American Gas Association. 





PERIODIC ARRANGEMENT OF THE ELEMENTS 





GROUP I 
RO 


= . Il 


sae 1 P iil 


GROUP IV 
RH. RO: 


GROUP V 
RH; R*s 


CROUP VI 
RH: RO, 


GROUP VII 
RH RA» 


GROUP VIII 





Radon 
Rn = 222 
No. 86 





Hydrogen 
H = 1.008 
No.1 


Lithium 
Li = 6.940 
No. 3 


Sodium 
Na = 22.997 
No. 11 


Potassium 
K = 39.096 
No. 19 


Copper 
Cu = 63.57 
No. 29 


Rubidium 
Rb = 85.48 
No. 37 


Silver 

Ag = 107.88 

No. 47 
Cesium 
Cs = 132.91 
No. 55 





Gold 
Au = 197.2 
No. 79 | 


Franciuin 
Fa = 223. 
No. 87 


Soeyitom 
Be = 9.02 
No.4 


| 
| 
| 
| 


Magnesium 
Mg = 24.32 | 
No. 12 


Stre tiv 
Sr = 47.63 


No. 38 





-s admiumn 
Cd = 112.41 
No. 48 


Barium 

Ba = 137.36 

No. 56 
Mercury 


Hg = 200.61 
No, 80 


| Rad dium 
Ra = 226.05 


| No, &® 





Boron 
B = 10.82 
No. 5 


A ee 
Al = 
No. 3 


Scandium 
Se = 45.10 
No. 21 


Gallium 
Ga = 69.72 
No. 31 


Yttrium 
Y = 88.92 
No. 39 


Indium 
In = 114.76 
No. 49 


|.anthanum 

La = 138.92 

No. 57 
Thallium 
Tl = 204.39 
No. &1 


Actinium 





Carbon 
C = 1201 
No. 6 


Silicon 


Titanium 
Ti = 47.90 
No. 22 


Germanium 
Ge = 72.60 
No. 32 


Zirconium 
Ze = 91.22 
No. 40 


Tin 
Sn = 118.70 
N 


o. 50 


Hafnium 
ae 178.6 
No. 72 


= 207.21 
Ne. 8 





Nitrogen 
N = 14.008 
No.7 


Phorphorus 
P = 30.98 
No. 15 


Vanadium 
= 50.95 
No. 23 


Arsenic 
As = 74.91 
No. 33 


Columbium 
Cb = 92.91 
No. 41 


Antimony 
8b = 121.76 
No. 51 


Tantalum 
Ta = 180.88 
No. 73 


Bismuth 
Bi = 209.00 
No. 83 





Chromium 
Cr = 52.01 
No. 24 


Selenium 
Be . 


Molybdenum 
Mo = 95.95 
No. 42 


Tellurium 
Te = 127.61 
No. 52 


Tungsten 
W = 183.92 
No. 74 


Polonium 
Po = 210. 
No. & 


Fluorine 
F = 19.00 
No.9 


Chlorine 
Cl = 35.457 
No. 17 


Manganese 
Mn = 54.93 
No. 25 


Bromine 
Br = 79.916 
No. 35 


Technetium 
Te = 99. 
No. 43 


lodine 
I = 126.92 


No. 53 


Rhenium 
Re = 186.31 
No. 75 


Astatine 
At = 211. 
No. 85 








Ruthenium 
Ru = 101.7 
No. 44 





Nickel 
Ni = 58.69 
No. 28 


Palladium 
Pd = 1067 
No. 46 











“The Making, Shaping and Treating of Steel.” Copyright 1951, United States Steel Co. 
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3AS IGNITION TEMPERATURES AND SAFE END-POINTS IN PURGING OPERA- 
EXPLOSIVE LIMITS IN AIR TIONS INVOLVING VARIOUS 
Ignition Explosive Limits COMBUSTIBLE AND INERT GASES 


Gas or Vapor Temperature Lower Limit Upper Limit 
F % by % by Safe End Point—% by 
Volume Volume Volume - 
Carbon Monoxide 12.5 74.0 Purging Purging from 


Hy 4.1 74.2 from Gas to Air 
Air to Gas Maximum 
Maximum Permissible 

Permissible Combustible 

Oxygen Gas 

Content of Content of 

Combustible Gas Atmosphere Atmosphere 
or Vapor Inert Gas in Container in Container 


oo | 
— 


Mixed Gas Nitrogen 
Carburetted Blue Gas Nitrogen 
ee eee lll 
Benzol Vapor ooee Nitrogen .... 
Hydrogen ..» Carbon Dioxide 
Nitrogen ..... 
Carbon Monoxide.... Carbon Dioxide 
Nitrogen ..... 
Carbon Dioxide 
Nitrogen ; 
Ethane Carbon Dioxide 
Nitrogen .... 
Propane Carbon Dioxide 
Nitrogen .... 
Butane Carbon Dioxide 
Nitrogen .... 
25. Ethylene Carbon Dioxide 
46.0 Nitrogen 


NU) on NSonwNw 
on ees 


| ONNUHSKHSNUAOUD-OWW 
wWNHASOCOSORMRUDAMHEHKAOCOD 


Ethylene 
Propylene 


—A |) CDUUUNUoO 


NN 
v1 
~N 


<0 aud aut 
~ 
UI ~I 00 
woo 
eI  w 


_ 


Acetylene 
Naphthalene 


wvi © 
co 
oO 


at ek tet et tt tt 


Ammonia 
Hydrogen Sulphide 


~ 
ACOWMOAONKSNOKUBLOM 
WOANADBNNIOAUWUNOBOVO 


PA); ON 
w 


S. S. Tomkins. 


National Fire Protection Association excerpt from Bureau of 
Mines Report of Investigations 3567. 





100 
L = 





P, P, P; 
—+—+—+- 
CALCULATING EXPLOSIVE LIMITS Ni: Ns Ns 


Where P;, P. and P; are the proportions of each combustible 


OF GAS MIXTURES IN AIR gas present in the original mixture, free from air and inert gases 


that 
Coward and his co-workers have arranged the Le Chatelier easiest P, + P2 + Ps + — = 100 


formula in the following form for calculating the limits in air of and N:, N2, Ns are the limits in air for each gas separately, no inert 
any mixture of combustible gases to which it is applicable: gases being present. 





EXPLOSIVE LIMITS OF SELECTED INDUSTRIAL GASES IN AIR 


Heating 
Value, Composition—% by Volume Explosive 


B.t.u./ Limits 
Kind of Gas Cu. Ft. CO, IIl. O- co " CH, C:H, Ne Lower Upper 


Blue 310 6.2 0.0 0.3 2.3 3.0 6.9 69.5 

308 1.9 0.0 0.3 .z 4.1 6.1 67.4 

Carburetted 509 4.6 Pe 0.3 9.6 5.2 6.4 37.7 

Blue 538 3.9 8.2 0.7 8.0 6.8 37.3 

541 5.7 10.2 0.7 8.1 ‘ id 31.6 

Coal 549 2.4 a 0.4 : 5.6 30.8 

1.6 3.5 ie ? ’ 5.8 29.0 

Coke Oven 631 1.9 3.9 0.4 : : 5.0 28.4 

540 2.5 3.4 0.8 5.3 30.0 

547 2.3 4.0 | : d 6.0 28.4 

“Mixed” 540 a 3.2 0.5 5.6 ce 

540 3.8 5.7 1.3 6.3 34.0 

540 3.1 8.1 0.8 ; 6.8 30.8 

Producer 136 6.2 0.0 0.0 . 20.7 73.7 
5.4 0.0 0.0 R 18.6 * 

Natural 4.8 13.5 


S. S. Tomkins. 
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LAWS OF PERFECT GASES 


A perfect gas is defined as one which obeys exactly the laws of 
Boyle, Charles, Joule and Avogadro. Actually there are no perfect 
gases, but air, oxygen, nitrogen and hydrogen are among those 
which conform closely to the above laws, except at very low tem- 
peratures. 


Boyle’s Law 
When the temperature of a given weight of a perfect gas is held 
constant the volume and absolute pressure vary inversely. 
That is PV = C (aconstant). 
where P = Absolute pressure of the gas. 
V = Specific volume of the gas. 


t = Absolute temperature of the gas. 
Also PV = P.V:=P.V;:ift=t:=t: 


Charles’ Law 


When a perfect gas receives heat at constant volume, the abso- 
lute pressure varies directly as the absolute temperature. That is 


T= C, (a constant) 


Diy 
Also TT, 


Joule’s Law 

The internal energy of a perfect gas is a function of the tem- 
perature only. Thus mathematically, if a gas obeys Boyle’s and 
Charles’ laws, it must also obey Joule’s law. 


Avogadro's Law 

Equal volumes of all perfect gases measured under the same 
temperature and pressure conditions contain the same number of 
molecules. 


Dalton’s Law of Partial Pressures 

In a mixture of gases, each gas taken alone exerts a partial pres- 
sure equal to the pressure that it would exert if the same weight 
that is actually present in the mixture were present alone in the 
volume in question. 


Characteristic Equation for a Perfect Gas 
In the case of a perfect gas, the laws of Boyle and Charles may 
be combined into a single equation as follows: 
PV = MRT 
where P= absolute pressure (Ibs. per sq. ft.) 
V=volume of M pounds of gas at pressure 
P and temperature T (cu. ft.) 
M = weight of the gas (Ibs.) 
R = gas constant of the particular gas (ft. Ibs. 
per lb. per degree F.) 
T = absolute temperature of the gas (degrees 


F.) 


R for oxygen —14:735 X 144 X 11.817 


1 xX (60° + 459.7°) 
== 48.25 ft. lbs. per lb. per degree F 


Example 





(For cubic feet of oxygen per pound at 60° F. and 30 inches of 
mercury pressure, see page 24.) 

Then 10 pounds of oxygen under a pressure of 200 Ibs. per sq, 
in. gauge and a temperature of 100° F. would occupy the follow. 
ing volume: 


__10 & 48.25 (100 + 459.7) 


Va VA B29 LEW IFT) 
(200 + 14.696) X 144 > 8.74 cu. ft. 


If it were then expanded to a volume of 80 cubic feet and 5 Ibs. 
per sq. in. gauge pressure, the temperature would be reduced to: 


PV: P.V; 
_— 
214.696 X 1448.74 19.696 X 144 x 80 
559.7 = T; 


T: = 470.0° F. absolute 
=: 10:3" F. 





The Pound Mol 


This unit may be defined as the number of pounds of a given 
substance equal to the molecular weight of the substance. 

One pound mol of all perfect gases at any given temperature 
and pressure will occupy the same volume. At 60° F. and 30 inches 
of mercury pressure the figure is 378.4 cubic feet for dry gas and 
385 cubic feet for saturated gas. 

As indicated in the table (below) there is always some depar- 
ture from this figure, since there are no gases which obey Boyle's 
Law exactly. 


The Universal Gas Constant 


In a similar way, if M in the equation PV = MRT be taken as 
equal to one pound mol, then M X R will equal a constant for all 
perfect gases. For the different units employed these will be: 


Basis Lb. mol Lb. mol 


P(abs.) Lbs. per Lbs. per 
sq. ft. sq. in. Hg. 

Vv Cu. ft. Cu. ft. Cu. ft. 

T(abs.) °F, °F. "= : 

MR 1545 10.73 21.85 62.37 


Lb. mol 


Inches of 


Gram mol 





VALUES OF R AND THE GAS CONSTANT MR AND VOLUMES OF THE 


POUND MOL FOR CERTAIN GASES. 


MR Cubic 
The Gas Feet 


R M 
Ft.-Lbs. per Ib. Pound 
per degree F. Mol. 





Constant per Mol. 


Hydrogen 


767.04 





Oxygen 48.24 
Nitrogen 55.13 
Nitrogen "Atmospheric™ 54.85 
Air 53.33 
Water Vapor 85.72 
Carbon Dioxide 34.87 
Carbon Monoxide 55.14 
Hyrodgen Sulphide 44.79 
Sulphur Dioxide 23.56 
Ammonia 89.42 
Methane 96.18 
Ethane 50.82 
Propane 34.13 
n-Butane 25.57 
Iso-Butane 25.79 
Ethylene 54.70 
Propylene 36.01 


2.016 3788 
32.000 
28.016 
28.16! 

28.97 

18.016 
44.010 
28.010 
34.076 
64.060 
17.032 
16.042 
30.068 
44.094 
58.120 
58.120 
28.052 
42.078 


BESSETE 


SeE8SRE 


a> 
3e 


wun 
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dar- 
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r all 


HE 


Cubic 
Feet 
per Mol. 


378.8 
378.1 
3783 
3784 
378.4 
3782 
375.3 
3782 
3739 
369. 
373.! 
3779 
3743 
368. 
3040 
367.! 
3758 
371.) 








CORRECTING GA 


(Multiply obse 
gas at 60 F. and under a pressure 
Standards Circular 464—1948. 


| 
98.0 | 28.1 | 28.2 | 28.3 


















0 9975)1. O011)\1. 0047)1. 0083 
9952.0. 9988 1 0023.1 0059.1 
0929 9065 1. 00011 Oost 
9906 9941.0. 9977,1. 001 31 
ARR? 9919) 9955.0. 9990 1 
O860 gRoH) . 9931 9967 1 
9838 9873 908 99440. 
) OS1% 9R5O) ARKH 9921 
40 9791 9827] 9862| 9897 
| 
4 A762) . 9RN3i «ARB O874 
4 9745) . 9781 AR16 OR51 
43 9722| . 9757] . 9792) 9827 
44 9699) . 9734) . 9769) 9804 
4 9676| .9711| 9746) 9781 
| 
46 9653) 9688) 9723) 9757 
47 9629 . 9664) . 9699) . 9734 
48 9606) . 9641) . 9676) . 9710 
49 9583) . 9617) . 9652) . 9687 
50 9560} 9594) 9629) 9663 
51 95361 . 9570) . 9605) 9639 
9513) . 9547| . 9582) . 9616 
9489} . 9523) . 9557) . 9592 
3 9465) . 9499) . 9534) 9568 
55 9442| 9476) 9510) 9545) 
| | 
56 9418} 9452| 9486) 9520 
57 9394) . 9428) . 9462) 9496) 
58 | 9370} . 9404) . 9438) . 9472 
46) . 9380) . 9414) . 9448 
9321} 9355} 9389) 9423 
61 9297 , 9365 9399. 
62 9273 9340) . 9374 
63 9248) 9316) . 9350 
64 9224) . § 9291) 9325 
65 9199 923: 9266) 9300 
| 
| 
66 9174| . 9208) . 9241) . 9275 
67 9149}. . 9183] . 9216) . 9250 
68 9124) . 9157} . 9190) . 9224 
69 9099) . 9132) . 9165, 9199 
70 9073 9106) 91 39} 9173 
Tem- Total gas pres 
pera- —_ — 


| 
oF | 28.0 | 28.1 | 28.2 
| 














71 
72 9022) . 9055) . 9ORS| . 9121 
73. 2096) . 9029) . 9062) . 9095 
74 8970) . 9003) . 9034, 9069 
75 8944 8977| 9010, 9043 
76 8917, . 8950) . 8983) 9015 
77 R890) . 8923) . 8956) . SRO 
78 R64 R807 8930 ROH2 
79 8837 8870) . 8902) . 8935 
80 8810, . 8842| . 8875] 8908 
| 
g1 R782 RR15 R847 R880 
R2 8754 R787) . BRI9|) . S852 
&3 R726 8759 8791 RR24 
a4 SHOR R731 R763 R796 
85 8670| 8702| . 8734) . 8767 
| 
Re Q641| . 8674| . 8706) . 8738 
87 R612 RH44 8677) 8709 
88 R583) . 8615) . 8648) . 8680 
R9 R554 R586) R618 R650 
90 8524| 8556) . 8588) 8620 
91 8494 8526 niall 8590 
92 8464) . 8496) . 8528) . 8560 
93 8433) . 8465) 8497| 8529 
94 8403 8434 8466) . 8498) 
95.....| . 8371| . $403] 8435) 8467| 
| | 
96 8340 esr) 8404| . 8435 
7 " 8308) . 8340) . 8371) . 8403 
8 8308} 8371 
99 R275) . & 
100 8243 8306 
101 8178) . 8209} 
102 . 8144) . 8176 
103 . 8110 
104 . 8076 
1 . 8041 $135) 
| | 
106_...| . 8006] . 8037} . 8069) . 8100 
107 .7971| . 8002| . 8033) . 8064 
] 7935| . 7966) . 7997) . 8028 
7299) . 7930) . 7961) . 7992 
7862| . 7893| . 7924) 7954 
rmula used: Correction factor 
tal gas pressure; Ww: vapor 
gu ) 
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| | 
0. 9048.0. 9081/0. 91140 91470. 













































pressure of water at e; 


S VOLUME FOR PRESSURE AND TEMPERATURE 


rved volume of saturated gas by factor to r 
of 30 inches of mercury 


0549 1. OSS 1. O62O Fb. OHt 
0524.1. 0560 1. Oo OH32 
0501 1. 0536 1. 0572 1. 0605 
0476.1. 0512 1. 0544 1. 0583 


0453.1. 0488 1. 05241. 0 9 


O28 1. 01041 0499 1. 0555 
0408) 08401. 04751 O511 
OZSi 1 OG OT 0187 
0306.1 O391 1. O4F26 1. 0462 
0331 1. 0367 1. 0402 
0308 1. 0343 1. 0378 
0283 1. O31S 1. 03535 

9 1. 0294/1. 0329 








1 
1. 0270.1 030 


02111. 02461 0280 1 0315 
Oss! 0256 1. 0290 
O162 1. 0196 1. 0231)1 0266 
0137.1 0172 1. 0206)! 0241 
O113)1 O148)1. O182)1 0217 





0088 1 01231 0157 1. 0192 
0064/1. 0098 1. 0133 1 0167 
0039 1. 0073/1. 0107\1. 0142 
0014 1. 0049)1. OOS3)1. O117 
9990 | 0024,1. 0058) 1. 0093 





9965 0. 9999 1. 0033)1. 0067 

9940) . 9974)1. 0008 1 0042 

9915 . 9949.0. 9983\1. 0017 

9290) . 9924) . 9958.0. 9992 

9864) . 9898) 9932| . 9966 
| | 

9839, 9873) . 9907 9941 


9813 9847 ORS1 9915 
O788 9822 OR5E 9889 





a702 9830 9R63 
9737 9804, . 9855 
9711) . 9744 9811 
9685) . 9718 9785 
9658 w9o2 9758 





9632 9666 g6B09 9732 


9605, 9639, . 9672 9705 
\ 


of mercury 


29 6 | 29.7 | 29.8 | 29.9 
| | 


95790. 96120. 9645.0. 9679 
9552 O586 0619 9652 


9525 9559 9592 962 
9408 9531 on04 ane 


9471) . 9504) . 9537 9570 


9443) . 9476) 9509 9542 


Orit o44y 9AK2 9515 
9389) 9421) 9454) . 9487 
9361) . 939 9426 . 9459 
9332) . 9365) . 9398) . 9430 


9304) . 9336) 9369 9401 





9275) . 9308) . 9340 9373 
924 9311 9343 
9217| . 9250) . 9282 9315 


9158 9220) . 9252 9285 


9158 9191 9223 9255 
9128 9160 9193 9225 
QOS 9130 9163 9195 
Q068!) . 9100) . 9132\~. 9164 
9037| . 9069) . 9101 9134 


9006) . 9038] . 9070) . 9102 


8975) . 9007 9039) . 9071 
8044 8975 9007 9039 
R912) . 8944) . 8976) . 9O0S 


S880} _ 8912| . 8943, . 8975 


RR48 8879) 8911 R943 
RR15 8846) . 8878) . 8910 
8782) . 8814) . 8845) . 8877 
&748| . 8780) . S811 8843 
8715| . 8747| . 8778) . 8810 


| 
8681} . 8713) . 8744) . 8775 
S646) . 8678) . 8709) . 8741 


RH12 8643 R674 8706 

R576, . 8607 R639) . 867 

8541) . 8572| . 8603) . 8634 
} } 

8505 R536 R567 R598 


R468) . 8500) . 8531 R562 


8432 R463 8494 7 


839. 8426) . 8457) . 8485 
7| , 8388) . 8419) . 8450 


$35 
















educe to volume of saturated 
at 32 F.) National Bureau of 








0692 1. 0728\1. 07641. 0800) 1. O836)1 0871) 32 
0667 1. 0703\1 0739.1 O77 OS! 11. O846) 33 
0643 1. 0679/1. 07 1 O751)1. O78) 

06191, 0654) 1. 0690.1. 0725)1. O761)1 0797) 35 


0595 1. 0630 1. 06 
0570 1. 06061. 06 





! 
1 05461 OSS1)). O617 1 | 
0522 1. 0557) 1. 0503 1 O825)1 0663)1. 0699) 39 
1 0497\1. 0532)1. 0567)|1, 06035)1 0638) 1. 0673) 40 
| 
1 0472.1. O508)1 0513/1. O57H)1. O61 311. 0648) 41 
O148.1 O83). OS18 1. O554)1 OSS! 0624) 42 
1 0423.1. 04591. 0494 1 05291 0564\1. 0599) 43 
0399 1.04341 041801 0504.1 O539)1 0574) 44 


0374.1. 0409)1 0444/1 0479) O54) a 45 


1 
oh eee 
1. 03501 0385\1. 04201 0455)1 04901 0524) 46 
1 03251 0360/1. 0395\1 04 201 04641 0199) 47 
1 03011 0335)1. 0370.1 04051. 0490)! 0474) 48 
1.02761 03101. 0345)1 0380 1 0414)1 0419) 49 
1 0251/1, 0286) 1. 0320,1 03551 03901 0124) 50 
| 
1 0226)1 0261)! 020511 0330.1 0361\1 0399) 51 
1. 0202)1 0236)! 0271)1 0205\1 03401 © 374 52 
1 0176)! 0211)1 0245)1 02791 0314 1 0348| 53 
1 54 
1 





OLSIIL. O186|1 O220\1 O254)1 O2KHI 0323 
0127|1. O161|1. 0195|1 0230\1 O2F 4\1 0298) 55 





| 
1 0101)1. 0135)1 0170)1. 0204)1 02381 0272) 56 
1. 0076)1. O111)1. 0145)1. O179)1 0213\1 0247) 57 
1. 0051)1 0085)! 0119)1 0153)! 0187\1. 0221) 58 
1. 0026/1. 0060}1. 0094) 1. 0128)! 0162)1 0196) 59 
1 0000)! 0034)1 coon) 0102)! 0136)! 0170, 60 
0 9975\1 0009) 1. 0042)1 0076)! O11) O144) 61 
9949.0. 9982)1 0016)! 0050)1 0084)! 0118) 62 
9923) . 9957/0. 9980) 1. 0024)! O58) 0092) 63 
|  @897| 9931) 996410. 9998)! 9032)! 0065) 64 
9871} . 9905) 9935 9972\1 000F)! oe 65 





9845| 9878) 9912 onasio 9979\1 0012 

9R19 9852) ORG 9919) 9953/0. 9956) 

9792) 9825, 9859) 9892) 9925, 9950" 68 

O766 9799, 9832) GS6h: 9899) 9932 

9739] 9772 9805| 9838] 9872) 9905 70 
' 


66 








] 
30.0 | 30 1 | 30.2 | 30.3 | 30 7 30. 5 








0 97120. 97450. 97780 9812/0. 984510. 9878) 71 
9685 9718 a751 9784 9818) Q9851\ 72 
9658 9691 9724| . 9757 9790) 9823| 73 

74 
75 


9630) . 9664) . 9697) . 9730) . 9763 
9603) . 9636) . 9669) . 9702) 9735 
} } | | 


9575) . 9608 96411 9674) 9707| . 9739| 76 


o 
oe 
Fs 


9547| . 9580) . 9613) B64 9679| . 9712) 77 

9520 0553 9558 9618 96S) 78 

94191) . 9524) 9557) . 9590 9655) 79 

9463) 9496) 9528; 9561! 9626) 50 
| } 

9434) . 9467 9199) 9532 9597) 81 

9105) . 9438) . 9470) 9505 9568) 82 





9376, . 9408) . 9441) 9473 538) 83 

9347| . 9379] . 9412) . 9444) 9509, 84 

9317| . 9349) . 9382) . 9414) 9417| . 9479) 85 
} 


| } 





9288! . 9320) . 9352] . 9385 9417| . 9449) 86 
9257] _ 9289 . 9322) . 9354 9386) . 9418) 87 
9227 9259) . 9291 9324 9356) A388) 88 
9196) _ 9228) . 9261) . 293) . 9325) 9357) 89 
9166) . 9198) . 9230 9262} 294) . 9326) 90 
9134 . 9166 . 9198] . 9230) . 9262) 9294| 91 
9103) . 9135) . 9167) . 9199 9231; 9263) 92 
9071| . 9103) . 9135) . 9167 9199) . 9231) 93 
} 9039) . 9071) . 9108 9135) . 9147 9199, 94 
+ 9007| . 9039] . 9070 9102) . 9134 9166) 95 


ga75| . 9A06) . GORE] . 9N7O) . 9102 9133) 96 
8941) . 8973) . 9005) 0026) 9068) . 9100) 97 
S008] 8940) . 8972) . 9003} . 9035) . 9066 98 
8874| _ 8906] . 8937] . 8969) . 900! 9032? 99 
8841) . 8873) . 8904) 8936) . 8967| . 8999, 100 
8838) . 8870] onl so3al 8964| 101 
8803) . 8835) . SS66) 8897] . 8929) 102 
8768} . 8800) 8831) 8R62) . 8894) 103 
8733 R764 R705) . 8826) BR5S) 104 
8666 8697| . 8728) . 8759) . 8791 8822) 105 
| | 








9630| . 8661 . 8692| . 8723] . 8754) . 8785) 106 
8593) . 8624) . 8655) . S656 8717 8748) 107 
8556) . 8587] . 8618) . 8649) . 8680) 8711} 108 
8519) . 8550) . 8581) . 8612 8643) . 8674) 109 
S481) 8511) 8542, . 8573) . 8604) e639) 110 
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REDUCTION OF BAROMETRIC READINGS 


ble gives the corrections in inches of mercury to convert readings 


t various temperatures to readings at standard temperature. 





Observed reading of barometer in inches 
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From table 44 of 


Example: 
Observed height of barometer.. aes 
Attached thermometer, 68 degrees F, 
Reduction for temperature 


Smithsonian Meteorological Tables, 


Barometer reading corrected for temperature 


ALTITUDE AND ATMOSPHERIC PRESSURE 


This table from the United States Weather Bureau gives altitudes and 
average atmospheric pressures. 


Location 


Abilene, Tex 
Albany, N. Y. 
Amarillo, Tex 
Asheville, N.C. 
Altanta, Ga 
Atlantic City, N. J. 
Austin, Tex. 
Baker, Ore 
Baltimore, Md. 
Binghamton, N. Y. 
Birmingham, Ala 
Bismarck, N. Lak. 
Boise, Idaho 
Boston, Mass 
Brownsville, Tex. 
suffalo, N.Y. 
Burlington, Vt. 
Cairo, 
harleston, S.C, 
harl tte, N.C 
shattanooga, Tenn. 
heyenne, Wyo. 
hicago, Ill 
‘ineinnati, Ohio 
leveland, Ohio 
olumbia, N.C. 
‘olumbus, Ohio 
Soneord, N. H. 
Corpus Christi, Tex. 
Dallas, Tex 
Dayton, Ohio 
Del Rio, Tex. 
Denver, Colo. 
Des Moines, Iowa 
Detroit, Mich. 
Dodge City, Kan. 
Dubuque, Iowa 
Duluth, Minn. 
likit s, j 
1] Paso, 
rie, Pa 
ivansville, Ind. 
Fort Smith, / : 
Fort Wayne, Ind. 
Fort Worth, Tex. 
Grand Rapids, Mich. 
Harrisburg, Pa 


I 
I 
I 
I 


above 
sea 
level 
1738 
97 
3676 
2253 
1173 
605 
3471 
123 
871 








Average 
atmos- 
pheric 

pressure 
pounds 
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Location 


Hartford, Conn. 
Helena, Mont. 
Houston, Tex 
Indianapolis, Ind. 
Kansas City, Mo. 
Keokuk, Iowa 
Knoxville, Tenn. 
Lander, Wyo. 
Lincoln, Neb. 

Los Angeles, Cal. 
Louisville, Ky. 
Madison, Wis. 
Meu phis, Tenn. 
Miami, Fla 
Milwaukee, Wis 
Minneapolis, Minn, 
Montgomery, Ala. 
Nashville, ‘l enn. 
New Orleans, La. 
New York, N.Y 
North Platte, Neb. 


Oklahon a City, ¢ )kla. 


Omaha, Neb 
Parkesburg, W. Va. 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Pocatello, Idaho 
Pueblo, Colo. 

Rapid City, 8. Dak. 
Reno, Neb 
Rochester, N. Y. 
Roswell, N. Mex. 
Sacran.ento, Cal. 

St. Louis, Mo 

St. Paul, Minn 

Salt Lake City, Utah 
San Antonio, Tex 
San Diego, Cal 

San Francisco, Cal. 
Santa Fe, N. Mex. 
Seattle, Wash. 
Shreveport, La. 
Spokane, Wash. 
Syracuse, N. Y. 
Toledo, Ohio | 
Washington, D.C. 
Yuma, Ariz 


Fleva- 
tion in Average 


feet 


above 


sea 
level 


3566 
69 
568 
837 
4360 
693 
87 
155 
7013 
125 
249 
1929 


628 
112 


atmos- 
pheric 
pressure 
pounds 
14.66 
12.67 
14.68 
14.32 
14 23 
14.42 
14.25 
12.10 
14 
14 _5! 
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MERCURY VACUUM—ABSOLUTE PRESSURE 


3ased on atmospheric pressure of 14.4 pounds and mercury at 32 degrees F. 





Inches 
mercury 
absolute 


Inches 
mercury 
vacuum 


Inches Pounds per 
mercury mercury square inch 
vacuum absolute absolute 


Pounds per 
sguare inch 
absolute 


ATMOSPHERIC PRESSURE 


This table is compiled from elevations and normal atmospheric pressures 27 
at United States Weather Bureau statio1 é 26 





28.32 3.§ 16 13 32 6.54 
27 32 34: 17 12.32 605 
32 9% 18 32 6.5) 
32 

>? 


5 32 2 5.07 
24.32 ¢ , 3: 4.58 





Pounds Flevation 


abwohite 


Pounds 


in feet al-eclute 


Elevation 
mercury 


Inches | 


3 





é 
3 


1473 
14.68 
1463 
14.57 


13.70 
13.45 
13.21 
1297 
12.74 


12.50 
12.28 
12.05 
11.84 
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With permission, from “Measurement of Gases.” Copyright 1936. American Meter Co. 
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REPORT OF COMMITTEE ON NATURAL GAS RESERVES 
AMERICAN GAS ASSOCIATION myc 


The summary of proved recoverable reserves of natural gas and natural 19: 
gas liquids of the United States, as of December 31, 1952, is as follows: ~ 
NATURAL GAS RESERVES 19. 

(Millions of cubic feet) 19: 

Total proved reserves as of December 31, 1951......... 193,811,500 19: 
Extensions and revisions of previous estimate . 8,9: 19: 
New reserves discovered in 1952 5,411,045 19; 
Net changes in “‘stored gas” during 1952... .. 08.85 19: 


Total proved reserves added and net changes in “‘stored 19 

gas” during 1952... 14,544,363 19 

seeeenennes 19 

Total proved reserves as of December 31, 1951 and additions during 19 

1952 sage Satelit 208,355,863 19. 
Deduct production during 1952 piesa ise 8,639,638 

—_—_—. 19 

Total proved reserves of natural gas as of December 31, 1952....... 199,716,225 19. 

19: 

NATURAL GAS LIQUIDS RESERVES 4 

(Thousands of barrels of 42 U. S. Gallons) 7 

Total proved reserves as of December 31, 1951 4,724,602 9 

Extensions and revisions of previous estimate. 

New reserves discovered in 1952. ~ 


Total proved reserves added in 1952 P eee ee 556,838 
Total proved reserves as of December 31, 1951 and new proved 

reserves added in 1952 Raeeers 5 5,281,440 
Deduct production during 1952 284,789 


Total proved reserves of natural gas liquids as of December 31, 1952. 4,996,651 


SUMMARY OF ANNUAL ESTIMATES OF NATURAL GAS RESERVES 
December 31, 1945 to December 31, 1952 


(Millions of Cubic Feet—14.65 psia, at 60 deg F) 








Natural Gas Added during Year 





Estimated 
Discoveries of Total of Net. Proved Increase 
Extensions New Fields Discoveries, Production Reserves over 
and and New Pools Revisions Net Change during as of Previous 
Year Revisions in Old Fields and Extensions in Storage End of Year Year 





1945 pe 147,789,367 : 
1946 ° ® 17,729,152 . 4,942,617 160,575,901 12,786,535 
1947 7,570,654 3,410,170 10,980,824 e 5,629,811 165,926,914 5,351 

1948 9,769,483 13,898,572 51,482 6,007,628 173,869,340 7,942,426 
1949 8,061,429 4,612,87 12,674,299 82,746 6,245,041 180,381,344 6,512,00 
1950 9,172,381 2,877,385 12,049,732 54,301 6,892,678 185,592,699 5,211,358 
1951 13,013,606 3,939,385 16,052,991 132,751 7,966,941 193,811,500 8,218 

1952 8,934,470 5,411,043 14,345,513 198,850 8,628,638 199,716,225 5,904 














*Not estimated. 


By permission, from “Gas Facts.’’ Copyright 1953. American Gas Association. 
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AL GAS UTILITY SALES, BY TYPE OF GAS, 1932-1952 TOTAL GAS UTILITY SALES, BY CLASS OF SERVICE, 


ote: Liquified petroleum gas data are included with man- 1932-1952 
ufactured gas prior to 1945. Excludes sales for resale. 
(Millions of therms) Note: Excludes sales for resale. 


Type of Gas _ (Millions of therms) 





; Liquified Year Total Residential _ Commercial Industrial Other 
Yez Total Natural Manufactured Mixed Petroleum 


a cco tae Aas A a 1932 


1932 —«:10,441.3 


10,441.38 4,672.3 1,193.3 4,533.8 41.9 
8,190.0 731. 520.2 1933 105396 4.2372 1,150.3 5,113.8 29.3 
1933  10,530.6 8,373.8 579.8 577.0 1934 120634 4201.5 1,101.6 6,698.6 61.7 
1934  12,063.4 9,831.6 609.6 621.9 1935 4,444.5 1,211.1 7,220.9 47.4 
1935  12,923.9 10,635.1 310.5 678.3 





1,368.8 8,279.6 260.3 
1,381.5 9,041.1 363.5 
1,379.6 7,940.9 404.9 
1,468.5 8,768.3 400.6 
1,597.7 9,543.7 270.9 


”~ 9 are a 1936 4,692. 4,784. 
1936  14,692.9 12,356. 594. 742.6 1937 ¥ 4987 
1937 15,773.4 13,480. 535. 758.2 1938 1821 A 4956: 
1938 14,681.6 12,422.8 925.1 733.0 1939 5,926.8 5,289. 
1939 15,926.8 13,576: ,580.+ 770.2 1940 rt "O59" 


OOF = one 
» |0Ff 20 20 7 yo00.* 0,5.£0. 
1940 17,235.4 4,681. 88. 865.9 — 


He bo Go bo 


1941 19,009.3 6,358. 725.6 925.4 1941 19,009.3 
1942 20,848.7 17,970. 848.4 030.2 1942 20,848.7 
1943 23,414.7 20,324.6 967. 123.0 1943 23,414.7 
1944 25,119.8 21,941.0 , 143.9 1944 25,119.8 
1945 2 


1,649.5 11,206.0 291.8 
1,989.7 11,723.0 457.2 
2,083.1 13,582.4 747.8 

a 2,208.3 14,634.7 964.3 
‘ 5,867.7 22,562.8 2,087.5 194.2 23 ps 1945 25,867.7 yf Bou 2,497.3 14,523.3 1,097.8 


Go On i 00 < 


1946 26,379.1 22,913. 2,176.1 203.0 36.5 1946 26,379.1 8,482.3 2,629.9 14,602.2 664.7 
1947 29,882.4 26,021.£ 2,319.2 481.4 60.3 1947 29,882.4 10,086.5 3,106.7 15,791.8 897.4 
1948 33,885.3 ,164. 2,368.3 ,266.6 86.4 1948 33,885.3 11,152.9 3,535.3 17,980.9 1,216.2 
1949 35,789.7 32,233.4 2,274.0 1,190.9 90.9 1949 35,790.4 11,827.9 3,724.4 1,259.6 
1950 42,090.1 2,216.7 1,283.6 89.9 1950 42,090.1 13,839.1 4,103.8 


1951 48,221.8 44,718.: 763. 1,652.4 88.1 1951 48,221.8 16,204.5 4,559.4 
1952 52,704.0 49,293.: »244.: 2,082.0 $4.3 1952 52,704.0 17,347.9 4,929.1 


By permission, from “‘Gas Facts.” Copyright 1953. American Gas Association. 





BELLAMY DEMAND-CHARGE RATE FORMULA 
For All Load Factors 


3.288 &K DC 


Demand-charge per Mcf gas delivered = F 


where 


DC = Demand-charge per Mcf of billing demand per month 
LF = Load factor 


Therefore, 
3.288 &K DC 


Price per Mcf of gas delivered = iF 


+ commodity charge 


Example: 

(Assumed Gas Rate) 

Demand charge = $2.10 per Mcf billing demand per month 
Commodity charge = 21c per Mcf of gas delivered 

To determine price of gas at 70 per cent load factor 


Then 
3.288 * 210 


Gas price per Mcf = 7a 


4+ 21 = 9.86 + 21 = 30.86c 











Oc'ober 1, 1953, American Gas Journal 





SELECTED OPERATING STATISTICS OF MAJOR PIPE LINE SYSTEMS, 1952 


Note: Includes pipe line systems with more than 590 miles of transmission mains and $5,000,000 operating revenues. 





Compressor 
Facilities Miles of Transmission Mains 
—— - wae So a Maximum 1952 
Installed 10” & 10.1- 20. Daily Operating 
No. of Horse- Under 20.0” Capacity Revenues 
Name of Pipeline System Stations power Total Diameter Diameter Diameter (MMCF) (000,000) Terminals 





Atlantic Seaboard Corp.— Virginia 6 27,025 741 56 260 358* $ 23.0 Kanawha County, W. Va. & Pike 
Gas Transmission Corp. County, Kentucky—Rockville, Md. 
& Pa.-Md. sstateline in Cecil 

County, Md. 


Colorado Interstate Gas Co. 69,595 2: . Hugoton and Amarillo Fields— 
Denver. 


Cities Service Gas Co. 3: 149,535 . ; 55 2.2 Hugoton, Panhandle & Cement 
(Okla.) Fields—Kansas City, Spring- 
field & St. Joseph, Mo.; Superior, 
Neb. 


East Tennessee Natural Gas Co 2 ¢ Lobelville & Greenbier Stations— 
Chattanooga & Knoxville, Tenn. 


El Paso Natural Gas Co. 4: 357,200 : ! 7 d Scurry County (Tex.), Panhandle & 
San Juan Basin (N.M.) Fields— 
Yuma, Topock, Ariz.; Blythe, Calif. 


Interstate Natural Gas Co. 20,100 783 2: 249 North Tepertate (La.) & Monroe 
Fields—Baton Rouge, La. 


Michigan-Wisconsin Pipeline Co. j 159,480 1,568 Hugoton Field— Milwaukee & Madi- 
—, Wis.; Austin Storage Field, 
Mich. 


Mississippi River Fuel Co. $ 104,975 1,272 245 109 ; Monroe Field—St. Louis, Mo.; 
Alton, Ill. 


Natural] Gas Pipeline Co.—Chi- ‘ 160,385 2,387 334 30. Hugoton & Panhandle Fields- 
cago District Pipeline Co. Chicago, Il. 


New York State Natural Gas 72,500° 1,151 } 1,013 : Brave, Pa. & Pa-Ohio border- 
Albany, Caledonia, Auburn, N. Y 


Northern Natural Gas Co. ¢ 249,920 4,661 1,472 1,739 ‘ Hugoton & Panhandle Fields— 
Minneapolis, St. Paul, Minn., Sioux 
Falls, 8. D. 


Panhandle Eastern Pipeline Co. : 260,420 1,061 2,898 Hugoton & Panhandle Fields—De- 
troit, Kalamazoo, Saginaw, Mich. 


Southern Natura] Gas Co. ¢ 138,520 1,470 5: Y Logansport, Monroe & Gwinville 
(Miss.) Fields—Columbus, Macon, 
Milledgville, Ga. 


Tennessee Gas Transmission Co. 2 471,820 6,066 77: 5,01! 1,4198 ‘ San Salvador and Carthace (Tex) 
Vs 


Fields—Cornwall Stat., W. a.; 
Buffalo, N. Y. & N. Y.-Mass 
Border 


Texas Eastern Transmission Corp. : 357,410 4;: 1,887 , E Longview & Houston, Tex., Kosci- 
usko, Miss.— Philadelphia & New 
York; Oakford Storage Field 

Texas Gas Transmission Co. 140,250 2: 3. Carthage & North Tepertate Field, 
La.—Bowling Green, Ky.; Terre 
Haute, Ind.; Middletown, Ohio 


Texas Illinois Natural Gas Pipe- 50,000 § ‘ La Gloria Field (Tex.)—vVolo, III. 
line Co. , 


Transcontinental Gas Pipeline Corp. 259,200 Lacy Field (Tex.)—New York City 
Trunkline Gas Supply Co. 32,000 McAllen Field (Tex.)—Tuscola, IIl- 
United Gas Pipeline Co. 135,405 Monroe & Panhandle Fields—Wichita 


Falls, Tex.; Laredo,Austin, Ft.Worth, 
New Orleans, Pensacola 





a. Maximum daily sendout. Z 
b. Estimated. 


By permission, from “Gas Facts.” Copyright 1953. American Gas Association. 
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GAS FLOW FORMULAS 
HIGH PRESSURE GAS FLOW for To, Po, G and T which will approximate those to be anticipated 


in most cases and combining them into a constant, K, thus, 
e Weymouth Formula. This is considered to be the best 


pe , To 
known and most widely used formula. The original formula is as K = 433.5 —= 
follows: Po v GT 


apply to the majority of cases without serious error. 


T (P? Paya" ]¥ The factor J may also be assumed at a constant value that will 
Q = 433.5 |“ | : 
By using the following values: 


GTL 


— To= 60 + 460 = 520 deg. F 
Q = flow cubic feet per day under standard conditions (Po and Po= 14.73 psia (30” Hg.) 
Te) G = 0.65 
d = internal diameter of pipe, inches T = 50 + 460 = 510 deg. F 
T.= standard absolute temperature °F J = 0.00022 per | psia 
= temperature of flowing gas—absolute °F 
= standard pressure, psia dq‘ 
, = initial pressure, psia Q= 840.5— plP* (1 + 0.000147 P, LPe 
= terminal pressure, psia a (1 + 0.000147 P.}% (3) 
G = specific gravity of gas, air = 1.0 For conditions other than those assumed above, K can be modi- 


L = length of pipe line, miles fied by multiplying by such of the following factors as is appropri- 
ate: 


the value of K will be 840.5 and the working formula will be 


By assuming 
To = 60 + 460 = 520° F ae ese: aes VP — 
Po = 14.73 psia ” , 
T =50 + 460= 510° F If P; and P; are known, the simplest form of the formula in 


solving for Q, d or L is found by utilizing the ratio of compressions, 
the above formula is simplified to: 


P, 
Q= 676.24] (P\' ea =" 


ac? 
Q=K Te Ps [Ph — 1) +2/3 IPs (P? — 11% (4) 


thus: 


—— 
Q = 676.2 a4 Pe The simplest method of solving for P; or P: is as follows: 


Lace Ist. From equation (2) or (3), solve for the value of the paren- 
The Weymouth formula with supercompressibility. When the thetical term under the radical which contains the unknown pres- 
Weymouth Formula for Flow of Gas in Pipe Lines was intro- sure, P* (1 + 2/3 JP). Call this C. 
duced before the A. S. M. E. in 1912, the maximum working . ; 
pressures in pipe lines did not exceed 350 to 400 pounds per 2nd. Select a trial pressure, Pa, preferably the round figure value 
square inch and the effects of the deviation of actual gases from nearest to the square root of C. 
the ideal gas laws were not thought to be significant and were not 3rd. Solve for Ca = Pa (1 + 2/3 JPa). 
recognized. ; 
With the much higher pressures that have been adopted since a. Select a second trial proses, P., preferably 2 round Ggase 
Gis ditanit Se eetenaoee te’ ak Siiaen, tien, ealthail Mahia nearest to the square root of .8C to .85C, and solve for Co = 
y to incorporate into the original formula Pi? (1 + 2/3 JP). 
an allowance for supercompressibility of gases to make it applica- 
ble to present practice. This adjustment is rendered relatively 5th. Solve for the unknown P from 
simple by taking advantage of the fact that within the pressure 
range for which gas transmission lines are now designed, and at P=Po+ C—Cr - (Ps — Po) 
the average temperature of flowing gas usually encountered in C.a—C 


practice, natural ov follows a deviation pumern which may be being sure to do it algebraically, in case the selection of P» should 
represented by a straight line supercompressibility function of the make C» greater than C 


1 chet , : 
pressure of the form of (1 + JP) me. By utilizing this relation- These computations are easily and quickly made on the slide . 
ship, the modified General Formula becomes: rule with sufficient accuracy to satisfy most design problems en- 
T. F(P?—P2)a? 4, countered in practice, and within the range of precision fixed by 
- fe | CEs — Ps , (1) her factors involved 
= 433.5 — 2 (1+ JPm)% other factors involved. 
Q Be | ee [4 a +P) 





A line composed of several lengths Li, L:, etc., of diameters d., 
d., etc., can be transformed into a single equivalent line of uniform 
Pm = 2/3 [P: +. P,— as, | diameter de, by determining the equivalent length of each indi- 
1 2 & if 
this reduces to vidual section by means of the formula Le, 1 = Li ( ; ) 
fr dP and adding these equivalent section lengths together to form an 

Q= 433. P. VGTL [Ps (1 + 2/3 JP, ) P? (1 + 2/3 JP:)]% (2) equivalent line of diameter do and total length Le. 


and since 


In the above, To transform a length of pipe of diameter d and length L, to a 


pipe of equivalent capacity having a length Lo, the diameter of 
Pm = Mean pressure of line, psia ‘ : i me, Lo \ss, 
| = Factor for supercompressibility. the equivalent section will be d, = d ( . ) 


’ = Reciprocal of (1 + JP 
, <a Z : - . P, The diameter of a single pipe having a capacity equivalent to 
= Ratio of compressions = P, the aggregate capacity of several parallel, or looped lines of a 


: common length and of diameters d,, d., etc., is equal to 
. simplified working formula applicable to general design prob- 


lems can be derived from the general formula by assuming values d, = [d*? + d? + —etc.,]*/* = [2 d*/*]*7. 
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If the several loops have different lengths, the actual diameters 
of the loops must first be transformed into equivalent diameters of 
pipe having a common length, and these equivalent diameters then 
be added in accordance with the formula just given. 


For general office use the formula can be still further simplified 
by combining the K and d factors into a single constant, A = Kd*’, 
and using a table of values of A for the principal sizes and weights 
of pipe in common use. Table 1 gives values of A for the constants 
assumed above and for pipes up to and including 30 inches out- 
side diameter. Equation (3) then becomes: 


A 
= —=[P; (1 + 0.000147 P,) 
Q VL — P; (1 + 0.000147 P.)]* (5) 


TABLE NO. 1 


“A” FACTORS 


Wall Internal 
Size Thickness Diameter 
(Inches) (Inches) (Inches) " 


(Nominal) 133 1.049 954.6 
= 145 1.610 2,992. 
154 2.067 5,826. 
216 3.048 16,700. 
237 4.026 34,470. 
304 4.892 57,950. 
280 6.055 102,800. 
275 6.450 121,100. 
322 7.981 213,800. 
.277 8.071 220,200. 
.250 8.125 224,200. 
365 10.020 392,100. 
3125 10.125 403,200. 
250 10.250 415,200. 
375 11.250 534,000. 
250 11.500 566,200. 
375 12.000 634,200. 
3125 12.125 652,000. 
.250 12.250 670,100. 
375 13.250 826,000. 
3125 13.375 847,000. 
.250 13.500 868,300. 
375 15.250 1,202,000. 
3125 15.375 1,224,000. 
.250 15.500 1,255,000. 
375 17.250 1,669,000. 
3125 17.375 1,701,000. 
.250 17.500 1,735,000. 
375 19.250 2,237,000. 
3125 19.375 2,275,000. 
.250 19.500 2,314,000. 
375 21.250 2,911,000. 
-3125 21.375 2,957,000. 
375 23.250 3,700,000. 
3125 23.375 3,753,000. 
375 25.250 4,611,000. 
3125 25.375 4,672,000. 
375 27.250 5,650,000. 
3125 27.375 5,720,000. 
375 29.250 6,825,000. 
3125 29.375 6,903,000. 


Values of (d)*/* and (d)*°/s 
(Note — d 8/3 = \/d 1073) 





Diameter (d), inches 
External Internal (d) #7 


2.375 2.067 . 48.063 
3.500 E , 394,99 
4.500 d ; 1,682.6 
6.625 J i 14,640 
6.625 . , 15,773 
6.625 
8.625 
8.625 
8.625 
10.000 
10.750 
10.750 
12.750 
12.750 
12.750 
14.000 
15.000 
16.000 
16.000 
16.000 
18.000 
18.000 
18.000 
20.000 
20.000 
20.000 
22.000 
22.000 
22.000 
24.000 
24.000 
24.000 
26.000 
26.000 
28.000 
28.000 : 
30.000 J 64,482,000 
30.000 a 69,030,000 





























FORMULA FOR DETERMINING MEAN 
PRESSURE (P,,) IN PIPE LINE 


P,; P: 
Pu= % (+P: — pik) 


SUPERCOMPRESSIBILITY FACTOR 


If a flow formula, which does not reflect the deviation from 
the ideal gas law, is used for problems involving pressures 
above 200 Ibs., its results may be corrected by applying the 
following supercompressibility factor 


Supercompressibility Factor = \/1 + .0002Px 


46 


PANHANDLE FORMULA 


This formula is used by many companies for the calculation of 
gas flow in large diameter (twelve inch and larger) transmission 
lines. 


BASIC PANHANDLE FORMULA 


Q = 435.87e ( a (Sarpy an 


Substituting: 
o—= Base temperature — 60° + 460° = 520° abs 
P.= Base pressure = 14.73 psia 
Tr= Flowing temperature = 50° + 460° = 510° abs 
G = Gravity of gas = 0.686 (Panhandle gas) 


and where: 
P, = Initial pressure—psia 
P, = Final pressure—psia 
L = Length of line in miles 
d = Diameter of pipe in inches 
e = Experience factor 


the equation can be resolved to: 


Q/d**" — 839.5le (ay 
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te Pea ~~ PrencfetnwT 


Q " 80.8 [> PT hae 
pomo-oeie cy. 4 E, 


re Q = Quantity of gas transported in cubic feet per day 
isured at P, and T, 
p, = Density of gas, pounds per cubic foot at P, and T, 
uw = Absolute viscosity of gas, pounds per foot-second. 
= Inside diameter of pipe, inches. 
Molecular weight of gas, pounds per mole. 
Discharge pressure from compressors, lbs. per sq. in. abs 
Suction pressure to compressors, lbs. per sq. in. abs. 
= Distance between compressor stations, miles. 
= Average deviation factor. 
Flowing temperature, °R. 
= Experience factor for adjustment of formula. 
For any gas line which is normally handling the same type of 
fluid at approximately constant temperature, the equation may be 


“High Pressure Pipe Line Research.’ Copyright 1942, Clark Bros. Co., Inc. 


RELATIONSHIP BETWEEN PERCENTAGE INCREASE 
IN THE DELIVERY AND PERCENTAGE OF THE LINE 
PARALLELED FOR DIFFERENT VALUES OF 


D, = Internal diameter of parallel line 


D = Internal diameter of original line 
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“High Pressure Pipe Line Research.” Copyright 1942, Clark Bros. Co., Inc. 


© tober 1, 1953, American Gas Journal 


CLARK FORMULA 





simplified by combining into a single term the expression for the gas 
density, the gas viscosity, molecular weight, temperature, and the 
numerical constant. Under normal conditions, the viscosity term 
will not influence the results greatly because a 30% change in 
absolute value of the viscosity will cause only about 2.7% change in 
the computed quantity of gas flowing. Thus, once the gas viscosity 
is determined for an operating line, small variations from the condi- 
tions under which it was determined will not influence the accuracy 
of the equation appreciably. The condensed form of the equation 


is then: 4.85 . 0.54 
D*** P.*(1 — 1/Crs -_ 

Q-K [oe |) 
A ae e. 


80.8 [ eI 0.844, 
Po mo-osts 7 


and Cr = Compression ratio, P,/Ps. 


where K, = 


GUIDE FOR DETERMINING 
SERVICE LINE SIZES 


Based on a pressure drop of 2” water column, from 
the main to the outlet end of the customer service line. 
Specific gravity of gas 0.65. 

The length of service includes allowances 
for one tap opening, street tee, street ell, 
and stop cock. 
Equivalent Footage Allewed 
Size Service 1%" 1" 
Tap Opening 2.5 
Street Tee 7.5 9 
Street Ell 5 
Step Cock 





2" STANDARD 


| 
| 


| 
| 
| 
| 
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| 
| 
| 


CAPACITY (CU.FT PER HR) 


EE 


134" \S+ andprd Black f 


} | 
| > 
Heavy BI ack P, 
| | 
| 
= 


20 40 eV 30 100 20 40 160 ‘BO 
LENGTH OF SERVICE (FT) 


From Columbia Gas System Engineering Corp. 
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LOW PRESSURE GAS FLOW Values of V/d° 


For distribution system problems the Spitzglass formulas are: Diameter (d) Vt 


\R PRESSURES NOT EXCEEDING ONE POUND GAUGE: Inches (Internal) 
Q = 3550 K( b -)" 75 4871 
SL 824 (%4” Pipe) 6163 
Where: 1.000 1.000 
Q= Flow per hour in cubic feet of gas at 14.73 psi absolute 1.049 (1” Pipe) 1.127 
(30” Hg.) and 60° F. 1.38 (144Pipe) 2.237 
H= Pressure drop in inches of water column. 
S = Specific gravity of gas. Air = 1.0 1.50 2.756 


L = Length of pipe in feet. 6 ik 0 Dihee 3 5 

1 = Internal diameter of pipe in inches. 200 poner 657 
—_*__\" 2.067 (2” Pipe) 6.143 
+> v¢ + 0.03d 2.469 (242” Pipe) 9.579 


3.00 15.59 
pepe <- 3.068 16.49 
= (ar ) 4.00 32.00 
4.026 32.52 


K= 
FOR PRESSURES EXCEEDING ONE POUND GAUGE: 


Where: 
Q= Flow per hour in cubic feet of gas at 14.73 psi absolute 6.00 88.18 
(30” Hg.) and 60° F. 
P = Pressure drop between pipe terminals in pounds per square 8.00 181.0 
inch. 10.00 316.2 
a — Average pressure in pipe line, pounds per square inch abso- 12.00 498.8 
lute. (Absolute initial pressure minus half the pressure 16.00 1024. 


drop.) 
S = Specific gravity of gas. Air = 1.0 20.00 1789. 


L = Length of pipe in feet. 24.00 ~~ 2822. ; 
30.00 4930. 
em,’ 36.00 7776. 
1+ 78 + 0.03d = . ys 


d = Internal diameter of pipe in inches. 


iL= 





EQUIVALENT LENGTHS OF PIPE FITTINGS AND VALVES 


Listed below are the lengths (in feet) of standard pipe which produce the same pressure drop as the fitting named in the left hand column 





Nominal pipe size in inches 


Type of fitting or valve 4 16 18 2 


2 2% 3 4 8 10 12 0.D. O.D. O.D. O.D. 





Standard tee with entry or discharge 
through side . : 0 2 14 43 55 (6S 85 105 115 
Standard elbow or run? of tee re- 
duced % } . es ss 20 26 3 42 4752 
Medium sweep elbow or run@ of tee 
reduced % ; ' y . > . 18 3 4043 


Long sweep elbow or run® of stand- 
ard tee or butterfly valve 3 - os : x 2% sw OM 


45° Elbow y . j , y 2.5 ’ . y ’ 22 «4 


SQUARE OF NUMBER 


Close return bend t ’ 13 0 (125 


Globe valve, wide open 
Angle valve, wide open 


Swing check valve, wide open 


Gate valve, wide open, or slight 
bushing reduction 








24 fluid is said to flow through the res of a tee when the flow is straight through the tee with no change of direction. 


DA tee is said to be reduced 4 if the internal area of the smaller connecting pipe is twenty-five per cent less than the internal area of the larger connecting pipe. 


“North American Combustion Handbook.” Copyright 1952, The North American Manufacturing Co. 


© tober 1, 1953, American Gas Journal 





WATER VAPOR IN SATURATED GAS 


Per cent by volume, calculated from the gas laws 





Temperature, 
me. 


Pressure, Pounds per Square Inch Absolute 
100 150 200 250 300 350 400 





g 





40 
50 
60 
70 
80 
90 
100 


no 
> 


0.122 0.081 0.061 0.049 0.041 0.035 0.030 
0.178 0.119 0.089 0.071 0.059 0.051 0.044 
0.256 0.171 0.128 0.102 0.085 0.073 0.064 
0.363 0.242 0.181 0.145 0.121 0.104 0.091 
0.507 0.338 0.253 0.203 0.169 0.145 0.127 
0.698 0.465 0.349 0.279 0.233 0.199 0.174 
0.949 0.633 0.474 0.380 0.316 0.271 0.237 


SLRS 
= De 
mm & bo 


a OP th ot ht 8 
& 


oO 
=) 
i) 





From “Fuel Flue Gases.’ Copyright 1940. American Gas Association. 


GALLONS OF WATER PER MILLION CUBIC FEET OF GAS 


Pressure and temperature bases: 14.4 pounds per square inch and 60° F 
Gas saturated with water vapor at indicated pressures and temperatures 





Temperature, 
“y 


Ros oe Pressure, Pounds per Square Inch Absolute 
100 200 250 300 350 400 





E 





40 
50 
60 
70 
80 
90 
100 





1 
1 
2 


50 
3. 6.8 
9 10.0 
8. 14.3 
40. 20.2 
56. 28.2 
78 39.0 
106. 53.1 


6 
9 
6 
5 
4 
.0 
2 
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From “Fuel Flue Gases.’ Copyright 1940. American Gas Association. 


VAPOR PRESSURE OF WATER 








Lbs. per Lbs. per 
Sq. In. Sq. In. 
In. Hg Absolute : Absolute ; In. Hg 





57 0.4686 0.2302 0.5410 2.3786 
58 . 4858 . 2386 0.5588 2.4491 
59 5035 . 2473 0.5771 2.5214 
60 .5218 . 2563 0.5959 2.5955 
61 . 5407 2655 0.6152 2.9948 
62 .5601 . 2751 0.6351 3.4458 
63 . 5802 2850 0.6556 3.9539 
64 0.6009 0.6766 4.5251 
65 0.6222 0.6982 5. 1653 
6 0.6442 0.7204 5.8812 
67 0.6669 0.7432 6.680 
68 0.6903 0.7666 7.569 
69 0.7144 0.7906 8.557 
70 0.7392 0.8153 9.652 
71 0.7648 0.8407 10.863 
72 0.7912 0.8668 12.199 
73 0.8183 0.8935 13.671 
74 0.8462 0.9210 15.291 
75 0.8750 0.9492 17.068 
76 0.9046 0.9781 19.014 
77 0.9352 1.0078 21.144 
78 0.9666 1.0382 23.467 
79 0.9989 : 1.0695 26.003 
80 1.0321 , 1.1016 28.755 
81 1.0664 . ; 1.1345 29.922 


ee ee ee ae 





From “Fuel Flue Gases.’ Copyright 1940. American Gas Association. 


A special case of partial pressure is that due to vapor pressures of substances at or near their condensing conditions, 
especially when in the presence of some liquids. The kinetic theory has shown how separation of molecules will permit the 
evaporation of other gaseous molecules into the same space. All liquids exposed to an available space will partially change to 
vapor. The partial pressure of this vapor in the space above the liquid is given the name “vapor pressure.” For each temper- 
ature of the liquid, there is a corresponding vapor pressure. When the vapor pressure equals the external pressure, the liquid 
is at its boiling point. For water under pressure of one atmosphere, 212° F is the temperature at which this phenomenon 


takes place. 
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COMPARISON OF DRYING AGENTS AND DEHYDRATION PROCESSES* 


Type of dehy- 
dration 


Advantages 





Physical and physi- 
cochemical 
methods: 

Cooling 


Compression 


Absorption 
With liquids 
Brine 
(35-40 % 
CaCl) 


Diethylene 
glycol 
poo 
/0 


Lithium 
chloride 


—_ 
85% 


Zinc chloride 


Calcium 
chloride, 
40% 


Glycerin 
0 % 


Dow 8A 
(CaBre- 
CaCle 
and/or 
CaBra) 


Amine, gly- 
col, water, 
7-8% 
mono- 
ethanol- 
amine, 75- 
80% 
diethylene 


Inexpensive 
where cooling 
water is cheap 
or refrigeration 
is available as 
by-product of 
another process 


CaCl very 


cheap. Small 


make-up re- 
quired (0.1-0.2 
Ib CaCl /million 
eu ft, 0.393 
lb/million cu 

ft) 


Relatively 
stable toward 
gases containing 
oxygen, sulfur, 
or carbon di 
oxide. Good 
dew-point de- 
pression. No 
danger of solidi- 
fication of con- 
centrated solu- 
tions 


Highly hygro- 
scopic. Non- 
toxic. Not hy- 
drolyzed on boil- 
ing. Concen- 
trated sclutions 
not readily so- 
lidified. Less 
corrosive than 
CaCle. 


High dew-point 
depression 


Inhibits crystalli- 
zation of CaCle, 
allowing greater 
dew-point de- 
pression than 
straight CaCls 


High dew-point 
depression 


Simultaneous re- 
moval of water, 
carbon dioxide, 
hydrogen sul- 
fide, and other 
acid gases 
Greater dew- 
point depres- 
sion than glycol 
alone. Glycol 
reduces foaming 
tendencies of 
the amine 


Disadvantages 


Limited degree of 
dehydratior 
Possibility of 
plugging cooler 
tubes with ice 
or hydrates 


ossibility of hy- 
arate forma 
tions in cooler 
Not economical 
unless higher 
pressures are 
necessary for 
her step 
in processing 


some ot 


the gas 


anger of electro- 
lytic corr: 
(not corrosive 
in natr 
unless pH is be- 
low 4.2 ‘Tends 
to emulsify 

with accumu- 
lated al .sorp- 
tion oil, en- 
trained oil, etc., 
to decrease the 
efficiency of 
contacting 
equipment 

A vuilable dew- 
point depres- 
sion limited by 
the sulubility of 
Catle. Hydro- 
gen sulfide 
forn:s ol jec- 
tionable pre- 
cipitates 


sion 


iral gas 


0.2-0.8 lb glycol 
lost /million cu 
ft through va- 
porization 


Expensive. Com- 
mercial grades 
of lithium chlo- 
ride reported to 
be corrosive be- 
cause of im- 
purities 


Expensive. Tends 
to decompose 
on reveneration., 
At concentra- 
tions above 
85%, it becomes 
too viscous for 
easy handling 
and foams 
easily 


Possible acid cor- 
rosion 


Hydrogen sulfide 
forms iron aul- 
fide and causes 
foaming. Cor- 
rosive 


Corrosive 


Amines volatilize 
and may be ad- 
sorbed on solid 
desic« ants used 
in subsequent 
processing, ne- 
cessit ating oc- 
casional wash- 
ing of the desic- 
cant 


Remarks 


Dehydration 
plants follow 
compressors to 
take advantage 
of this effect 


Dew- ~point depres- 
sion of 23-31° F 


Dew-point depres- 
sion of 40-60° F 


Dew-point depres- 
sion of 40-67° F 


Dew-point depres- 
sion of 30-33° F 
Used in manu- 
factured gas 
plants abroad 


Dew-point depres- 
sion of 40-55° 


Dew-point wie is 
sion of 23-41° F 
0.02 to 0.06 gal 
of make-up/mil- 
lion eu ft on unit 
treating 110-130 
nillion cu ft 
day at 200 psi 


Dew-point depres- 
sion of 29-64° 


Approximately 
0.1 gal/million 
cu ft make-up 
required 


Type of dehy- 
dration 


Advantages 


Disadvantages 





With solids 
Lump CaCle. 
Molded 

from 
water, 
CaCle and 
pulverized 
minerals 
or molten 
72% 

Cac le 
solution. 
Addition 
of pulver- 
ized car- 
bon adds 
odor ad- 
sorption 


Lump 
KOH, 
NaOH 
(same ad- 
vantages 
and disad- 
vantages 
as lump 
CaCl) 


Adsorption. 
Granular ad- 
sorbents in 
general (silica 
gel, activated 
alumina, ac- 
tivated CaSO«, 
activated 
bauxite, Flor- 
ite Desiccant) 


Chemical methods: 
Phosphorus 
pentoxide, 
P2056 


Barium oxide, 
BaO. Precipi- 
tated by heat- 
ing BaCOs 





Magnesium per- 
chlorate (an- 
hydrous; tri- 
hydrate) 


Magnesium ox- 
ide, MgO 


Unslaked lime, 
CaO 


Combination 
methods: 
Single-stage 

Combined ab- 
sorption-ad- 
sorption 
(Hi-Florite, 
alumina, 
CaCle, im- 
preznated 
Drierite, 
etc.) 


Combined use 
of refrigera- 
tion and li- 
quid absorb- 
ent 


Multiple-stage 
compression 
followed by 
solid adsorp- 
tion 





Inexpensive. 
High capacity. 
Simple equip- 
ment required 


Good drying ef- 
ficiency. Not 
corrosive. Eas- 
ily regenerated. 
Easily handled 


Highest drying 
efficiency. Good 
capacity 


Will dehydrate at 
temp up to 
1000° F. Cheap. 
Granular. Eas- 
ily handled. Ef- 
ficiency prac 
tically equal to 
P20s. Large ca- 
pacity. 


Anhydrous form 
reported to have 
efficiency of 
P20s. Large 
capacity. Con- 
tracts on ad- 
sorbing water. 
Chemically 
neutral 


High activity 


High capacity 


Relatively high 
capacity. Good 
efficiency 


Higher dew-point 
epression than 
absorbent alone. 
Less danger of 
freeze-ups than 
refrigeration 
alone 


Compression fol- 
lowed by cool- 
ing reduces 
moisture load 
and size of 
equipment for 
solid absorbent 


Disintegrates in 
water, obstruct- 
ing gas flow. 
Corrosive. Effi- 
ciency of dehy- 
dration varies 
with amount of 
water absorbed. 
Generally dis- 
carded when 
once exhausted 


Drying unit is 
cyclic rather 
than continu- 
ous. May be 
plugged or dis- 
integrated by 
contaminants. 
Relatively high 
heat require- 
ments for re- 
generation 


Difficult to han- 
cle. Corrosive. 
Becomes wet 
and sticky when 
saturated. 
Strongly acid. 


Expands on hy- 
ration. Can- 
not be regener- 
ated. Strong 
alkali 


Not suitable for 
flammable or 
acid gases (re- 
acts to form ex- 
plosive per- 
chloric acid 


Low capacity 


Corrosive. Hard 
to handle 


Loss of impreg- 
nated salt at 
high moisture 
saturation. 
Higher initial 
cost of desic- 
cant. Corrosive 
(depending on 
nature of im- 
pregnated salt) 


Must be preceded 
by gasoline 
plant on natu- 
ral-gas systems 
to prevent for- 
mation of con- 
densate. Rela- 
tively complex 
plant operation 


Economical only 
where higher 
pressures are 
necessary for 
some other 
purpose 


Used for liquefied 
petroleum 
gases 


Dew-point depres- 
sion of 100° F 
or more 


Not used on large 
scale gas drying 


Not used on large 
scale gas drying 


*Amero, Moore, and Cappell, Chem. Eng. Progress, April, 1947. Reproduceé 
by permission of the authors, the Floridin Company, Warren, Pa., and the AIC! © 


By permission, from ‘Natural Gas and Natural! Gasoline,” by R. L. Hust 
| ington. Copyright 1950. McGraw-Hill Book Company. 
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DIETHYLENE GLYCOL PROCESS 


t has been established that solids resembling ice or snow form 
jer certain conditions in natural gas transmission lines operat- 
at elevated pressures. The solids, called hydrates, are a com- 
ation of water and hydrocarbon components of the gas and 
trict flow in the line and clog pressure regulators and valves. 
ormation of hydrates can be eliminated by dehydrating the gas 
stering the lines or by the use of anti-freeze agents such as meth- 
nol. Dehydration is the method commonly used today to pre- 
ent hydrate formation in long distance lines, although anti-freeze 
agents are occasionally used. Most pipe line companies now 
specify a maximum permissible water content of gas entering 
their transmission systems. 

The glycols are noted for their hygroscopicity which is one of 
the characteristics that has led to their widespread industrial use. 
Diethylene glycol has been successfully used to dehydrate natural 
gas for 15 years. Triethylene glycol has been used to dehumidify 
air since 1939, although it has been used for natural gas dehydra- 
tion only recently. Both of these high boiling point glycols are 
thermally stable and do not oxidize or decompose in normal plant 
use. Make-up requirements are, therefore, small. The dew point 
depression obtainable in a glycol dehydration plant depends upon 
the temperature at which contact occurs, as well as the concen- 
tration of glycol in the circulated solution. More natural gas is 


Carbide and Chemicals Company. 


COMPRESSING 


In compressing a gas, if the heat of compression is removed so 
as to keep its temperature constant, it is called Isothermal Com- 
pression. 

If all the heat of compression is retained in the gas and used to 
increase its temperature, it is called Adiabatic Compression. 

In present-day reciprocating compressors, the air or gas is com- 
pressed very nearly adiabatically. The water-jacketing brings the 
compression curve somewhat below the adiabatic, but the excess 
pressure required to force the air or gas through the valves makes 
the work done very close to that which would be calculated on the 
assumption of adiabatic compression for the entire cylinder of 
air or gas. 

The following formulae apply to adiabatic compression: 


n P 
——-Pp, ' Pp, 
n—1 


ih. p= ™-¢-P-X LAN 


33,000 
Where 


m. €. p. = mean effective pressure in compressor cylinder. 
i. h. p. = indicated horse power. 
= ratio of the specific heat a constant pressure to the 
specific heat at-constant volume for air or the gas be- 
ing compressed (see the table opposite). 
= inlet pressure—pounds per square inch absolute. 
= discharge pressure—pounds per square inch absolute. 
r 


r= a= 


m.e. p. = 


P, 
L = length of stroke of compressor in feet. 
A = effective area of cylinder in square inches. 
N = number of strokes per minute. 


For adiabatic compression of air in a single stage: 


ih. p. per 100 cu. ft. 
piston displacement >= 1.51 P; (r°* — 1) 
per min. 

Since the values of n for the principal constituents of manufactured 
gas do not differ substantially from that for air this formula may 
be applied to manufactured gas. 

For natural gas (when n = 1.275) the corresponding formula 

ild be: 
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dehydrated today by means of the glycols than by any other 
method. 

A glycol type dehydration plant contains a minimum of equip- 
ment and inexpensive “package” units are available from several 
manufacturers. Many such plants do not require constant super- 
vision and are, therefore, inexpensive to operate. The introduction 
of plants of this type makes possible dehydration of gas at the well 
head, thus eliminating the need for line heaters in field gathering 
systems. The glycol process consists of scrubbing the gas stream 
to be dehydrated with a glycol-water mixture in a plate or packed 
column. The dehydrated gas leaves the top of the contactor after 
passing through a mist extractor section. The dilute glycol solu- 
tion which has removed the majority of the water from the gas 
stream leaves the bottom of the contactor and passes through a 
heat exchanger into a concentrator in which water is removed. 
In most plants the concentrator consists of a still provided with 
heat exchange surface for further heating the glycol solution and 
a fractionating column to reduce the loss of glycol vapor in the 
overhead. Heating may be accomplished by direct firing, steam 
or hot oil. Other methods of concentrating the solution, such as a 
vacuum distillation, are used in special cases. After leaving the 
concentrator, the glycol is heat exchanged with the incoming dilute 
solution, may be further cooled with water if necessary, and re- 
turned to the top of the contactor to repeat the dehydration cycle. 


AIR AND GAS 


i. h. p. per 100 cu. ft. ) 
piston displacement » 2.023 P, (r°™* — 1) 
per min. f 


Indicated horse power must be divided by overall efficiency to 
obtain brake or delivered horse power. 
Values of n for certain gases are as follows: 


Acetylene (C:H:) 


Ammonia (NH;) 
Butane (C.Hw) 
Carbon Dioxide (CO.) 
Carbon Monoxide (CO) 
Ethane (C:H;) 
Ethylene (C.H,) 
Hydrogen (H.,) 
Methane (CH,) 
Nitrogen (N.) 
Oxygen (O,) 

Propane (C;Hs) 
Water Vapor (H.O) 


Theoretical Horse Power Required to Compress 100 
cu. ft. of Air from Atmospheric Pressure (14.7 me 
to Various Gauge Pressures: 


Adiabatic Compression 


Discharge 
Pressure 


Lbs. 
Gauge 


Discharge 
Pressure 


Lbs. Two 
Gauge Stage 


80 15.9 13.7 

90 16.9 14.5 
100 18.0 15.4 
120 19.9 16.8 
140 21.6 18.0 
160 a 19.1 
180 s 20.1 
200 - 21.0 
250 2 23.0 
300 a 24.7 
400 <a 27.6 
500 it 29.8 
600 31.7 


H. P. 


Single 
Stage 


H. P. 








Two 
Stage 


Single 
Stage 





10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
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Approximate Brake Horse Power Required by Air 
Compressors per 100 cu. ft. of free air actually 
delivered. 
Single Stage 
Lbs. per sq. in. gauge 
60 80 


19.5 
19.2 


Two Stage 
Lbs. per sq. in. gauge 








Altitude 
Feet 


0 
1000 
2000 
3000 
4000 
5000 


100 60 80 125 


22.1 
21.7 
13 


) 
18.9 21. 


20.6 
20.3 
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Actual Delivery 

The actual delivery of a single-stage compressor pumping to 
100 Ibs. gauge from atmosphere will be from 65 per cent to 80 per 
cent of its piston displacement, depending upon its clearance space 
and valve gear. A compound machine compressing to 100 Ibs. 
gauge with an inter-cooler pressure of about 27 lbs. gauge will 
deliver from 80 per cent to 90 per cent of its piston displacement. 


Displacement 

A convenient formula for calculating the displacement of a 
double-acting cylinder is — square of the Diameter (inches) 
stroke (inches) * R.P.M. x .0009 = piston displacement 
(c.f.m.). This makes a reasonable allowance for the piston rod 
on all piston sizes from about 5” diam. to about 30” diam. 


Data on Compression from ‘Compressed Air Data,”’ Ingersoll-Rand Co. 
Two Stage Compression 

Two stage compression is generally used where the compression 
ratio r is in excess of 5 or 6. An intercooler is used between the 
two stages. 

To secure the desired pressure with minimum work, equal work 
should be done in the two stages and the intermediate temperature 
of the gas should be reduced to that at the inlet. 

Then P should be \/P: X P: 

Also the compression ratio in each stage should equal the square 
root of the over-all compression ratio. 


Intermediate 


For manufactured gas (2 stage compression): 
Total i.h.p. per 100 cu. 
ft. piston displacement 
per min. 

For natural gas (2 stage compression with n = 1.275): 
Total i.h.p. per 100 cu. 

ft. piston displacement \. 4.046 (r°** — 1) 

per min. 


» 3.02P; (r°"** —1) 


Compression Temperatures 
For adiabatic compression 


” (Bye 


T; = absolute inlet temperature. 
T.: = absolute discharge temperature. 
P,, P. and r as indicated above. 


For manufactured gas AL 


Ta _— ys 


T; 


For two stage compression with intercooling to inlet tempera- 


For natural gas 


n—i1 


=r ns 


Te 
ture of the gas —— 
ga T 


1 


Multi-Stage Compression 
In general, multi-stage compression with intercooling between 
Stages; 
(1) 
(2) 
(3) 
(4) 


Reduces final gas temperature. 

Reduces horsepower to compress. 

Partially removes entrained moisture. 

Increases volumetric efficiency by reducing clearance ex- 
pansion loss. 

Generally reduces maximum piston loads below those 
which would be found in a single-stage compressor of equal 
displacement. 


(5S) 


Ingersoll-Rand Co. 


BRAKE HORSE POWER FORMULA 


for compressing natural gas 


BHP = R 5.16 124 log. R 
R JP 0.97 —0.03R 

where 

BHP = brake horse power required to compress one million cubic 

feet of natural gas per day 

> 


e ° 1 
R ratio of compression = P, 
2 


P; = compressor discharge, psia 
P. = 
. = 


J = 


compressor suction, psia 
factor for supercompressibility (assumed .022 per 100 psia 


BHP PER MILLION CU. FT. OF GAS COMPRESSED 


BHP Per Million 
C.F. Per Day 
Ratio of Natural Manufactured 

Compression Gas Gas 

2 15.5 15.5 

3 20.5 20.5 
25.0 25.0 
28.5 29.0 
32.0 32.5 
35.5 36.5 
38.5 39.5 
415 42.0 
44.0 45.0 
46.5 475 
49.0 50.5 
51.5 53.0 
54.0 55.5 
56.5 58.0 
58.5 60.5 
61.0 63.0 


Clark Bros. Company 
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BHP Per Million 
C.F. Per Day 
Ratio of Natural Manufactured 
Compression Gas Gas 


BHP Per Million 
C.F. Per Day 
Ratio of Natural Manufactured 
Compression Gas Gas 


93.5 98.0 

95.5 100.0 

97.0 101.5 

99.0 103.5 
101.0 106.0 
102.5 107.5 
104.0 109.5 
106.0 115 
107.5 113.0 
109.0 115.0 
110.5 116.5 
12.5 118.5 
114.0 120.0 
115.5 122.0 
117.0 124.0 
118.5 125.5 
120.0 127.0 


63.0 
65.5 
67.5 
69.5 
715 
73.5 
75.5 
775 
79.0 
81.0 
83.0 
84.5 
86.5 
88.5 
90.5 
92.0 


> 
> 


65.0 
67.5 
70.0 
72.0 
74.0 
76.5 
78.0 
80.5 
82.5 
84.5 
86.5 
88.5 
90.5 
92.5 
94.0 
96.0 
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Theoretical Temperatures Reached in 
Compressing Gas from Atmospheric 
Pressure (14.7 lbs.) and 60° F. to Vari- 
ous Gauge Pressures. 


Discharge Temperatures 
Discharge Single Stage 
Pressure Mf’d Gas Natural Gas 
5 106° 94° 
10 144° A ia 
i 145° 
207° 166° 
234° 184° 
258° 8 
280° 
391° 
320° 
339° 
356° 
60 373° 
65 389° 
70 404° 
75 419° 
80 432° 
90 459° 
100 484° 
120 533° 
140 569° 
Discharge Terperatures 
Discharge Two Stage 
Pressure Mf’d Gas Natural Gas 
45 77° 
50 185° 
55 191° 
60 198° 
65 204° 
210° 
216° 


Figures for manufactured gas are also 
plicable to air. 


Actual discharge temperatures will be 
somewhat less than the above figures be- 
cause of radiation and of heat carried off by 
the cooling water from the cylinder jackets. 

Example 1. One million cubic feet of gas 
per day, saturated with water vapor and at 
a temperature of 75° F., is delivered to the 
low pressure distribution system. There it 
is cooled to 60° F. What is the amount of 
condensation per day in the mains? 


Moisture per M @ 75° F. ...... 1.35 Ibs. 
Moisture per M @ 70° F., 50 lbs. _.26 Ibs. 


Condensation per M 
1000 M X .73 = 730 Ibs. condensation 
per day 


Example 2. Same conditions as Example 
l, except that gas is sent out on medium 
pressure system at 7 Ibs. per sq. in. pressure. 


Moisture per M @ 75° F., 0 Ibs. 1.35 Ibs. 
Moisture per M @ 60° F., 7 Ibs. _.56 Ibs. 


Condensation per M 
10M X .79 = 790 Ibs. condensation 
per day 
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GAS AND AIR SATURATION CHART 


Pounds of Water, as Vapor, held, at 
saturation, by 1000 cu ft of free air 
compressed, under various pressures, 
at various temperatures. 
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TEMPERATURE IN DEGREES FAHRENHEIT 


Copyright 1937, by Andale Company, 1600 Arch Street, Philadelphia, Pa. 


Example 3. One million cubic feet of gas 
per day, saturated with water vapor and at 
a temperature of 75° F., is compressed to 
50 Ibs. pressure, and then passes through an 
aftercooler where its temperature is reduced 
to 70° F. Thereafter it passes to the trans- 
mission system where its temperature is 
further reduced to 60° F. (a) How much 
moisture per day will be removed by a suit- 
able separator at the outlet of the after- 
cooler? (b) How much moisture per day 
will be condensed in the transmission sys- 
tem at 50 Ibs. and 60° F.? (c) To what 
pressure must the gas have fallen by the 
time its temperature dropped to 60° F. if 
there was no condensation in the transmis- 
sion mains? 


(a) 
Moisture per M @ 75° F., 0 Ibs. 
Moisture per M @ 70° F., 50 Ibs. 


1.35 Ibs. 

.25 Ibs. 
Condensation per M 1.09 Ibs. 
1000 M X 1.09 = 1090 Ibs. condensation 
per day at aftercooler outlet. 

(b) 

Moisture per H @ 70° F., Ibs. .. 
Moisture per M @ 60° F., 50 Ibs. 
Condensation per M 


.26 Ibs. 
19 Ibs. 


1000 M X .07 = 70 Ibs. condensation per 
day in transmission mains. 

(c) 
Pressure at which .26 Ibs. of moisture will 
saturate gas at a temperature of 60° F., is 
32 Ibs. (Read from chart.) 
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INSTRUCTIONS FOR COMPUTING FLOW OF GAS 
THROUGH ORIFICE METERS 


Table and figure numbers given here (pages 51 to 62) are the 
same as given in “Gas Measurement Committee Report, No. 2, 
American Gas Association, from which these data were taken. 


—Editor. 
General Equation 
In the measurement of most gases, and especially natural gas, it 
is almost the universal practice (in the United States) to express 
the flow in cubic feet per hour referred to some specified reference 
or base condition of pressure and temperature. For the calculation 
of the quantity of gas the committee* recommends the continued 
use of the formula: 


Qn = C’ \/hwps ‘ (1) 


in which 
Qn= Quantity rate of flow at base conditions, ft*/hr. 
C’ = Orifice flow constant. 
hw = Differential pressure in inches of water. 
pt = Absolute static pressure in Lbs./sq. in. 


Orifice Flow Constant 
The orifice flow constant, C’, may be defined as the rate of flow, 


in cu. ft. per hour, at base conditions, when the extension, \/hepe 
equals one. It was formerly known as the “flow coefficient.” It is 
here called “orifice flow constant.” It is to be calculated by the fol- 
lowing equation: 


C’ = Fox Fr x Y x Foo Xx Feo x Fee x Fe x Fov 

in which 

Fo = Basic orifice flow factor 

Fr = Reynolds’ number factor 

Y = Expansion factor 

Fp» = Pressure base factor 

Ft»= Temperature base factor 

F:r= Flowing temperature factor 

F; = Specific gravity factor 

Fpy= Supercompressibility factor 


It will be noted that all of the factors used in calculating the 
orifice flow constants are familiar except Fr, Fo, Y and Fpv. 

The values of all the factors Fo, Fr, etc., are obtained from the 
tables. The following method is for a meter with flange taps. The 
method for a meter with pipe taps will be exactly the same, except 
that the tables for pipe taps will be used. 


Basic Orifice Flow Factor 

The basic orifice flow factor, Fo, is taken directly from Table 4, 
for the correct orifice and pipe size. For sizes not listed in this 
table, the value of F» may be found by calculation as explained in 
Appendix B of this report. (Interpolation should not be relied 
upon). The pipe diameter of the orifice sections, it is important to 
point out, should be within the limits specified in Table 2. If the 
value of D, is outside of those limits the flow factors of Table 4 
cannot be relied upon. Then the exact value of F» should be cal- 
culated, for the particular value of “s” based on the actual value of 
D,. 


Reynolds’ Number Factor 

The Reynolds’ number factor, Fr, is taken from Table 6. For 
its determination the average extension at which the meter op- 
erates must be known in addition to the orifice and pipe size. 


The value of \/hw pr (extension) used in selecting the Fr factor 
from Table 6 may be based upon the meter record, or estimated 
from a knowledge of the average static pressure and the average 
differential at which the meter may operate. This extension, it 
should be noted, is an index with which a factor is selected, and 
does not enter directly into the computations. An extension value 
selected as suggested will probably be sufficiently close to the aver- 
age operating conditions of the meter for selecting the proper value 
of Fr, especially since the variations in Fr corresponding to values 
of, /h~ ps above or below the selected average will be compensat- 
ing (plus or minus) over any appreciable length of time. 


* From the Gas Measurement Committee Report, American Gas Asso- 
ciation. 
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ded Maxi Allowable Tolerance between 

d inside Di of the upstream section of 

the meter run, and the Published “Approximate In- 

ternal Diameter”, which was used in Computing Basic 
Orifice Constants of this Report. 











Flange Taps Pipe Taps 








5.0% 3.5% 
3.0% 2.0% 
2.0% 1.0% 
1.5% 0.6% 
1.0% 0.3% 
0.5% 0.2% 














TABLE 2 


The tables, it should be noted, have been calculated by using 
average values of viscosity, 0.0000069 Lb./ft.-sec., of temperature, 
520° F. absolute, and of gravity, 0.65, applying particularly to 
natural gas. If the gas being metered has a viscosity, temperature 
or gravity quite different from these, the value of Fr in Table 6 
may not be applicable. However, for variations in viscosity from 
.0000059 to .0000079, in temperatures of from 490° to 550° F. ab- 
solute, or in specific gravity of from .55 to .75, the variations in 
the factor Fr would be well within the tolerances given for this 
report. 


Expansion Factor 


The expansion factor, Y, is to be taken from Tables 8, 9, or 10, 
depending upon the tap location from which the static pressure is 
taken. Here the ratio hw/pr is an index with which the value of Y 
is selected, and may be based upon the meter record, or estimated 
from the average static pressure and the average differential at 
which the meter may operate. The effects of operating variations 
from this “average” hw/pr will ordinarily be compensating. 

For meters with flange connections, the variations to be ex- 
pected in meter accuracy from the average will be greater or less 
depending on whether upstream, downstream or intermediate pres- 
sure connections are used. As the h/p ratio is increased, it will be 
observed, the use of the intermediate static pressure gives the 
minimum departure from the mean condition used in the selection 
of the expansion factor. 

With orifice meters using “pipe taps” the variation from the 
mean estimated operating value of h/p used in the determination 
of the expansion factor (Y) result in the greatest variation in 
the value of Y when upstream static pressures are used. The use of 
intermediate static pressures in connection with pipe taps has little 
advantage, since it only slightly reduces the variations in Y result- 
ing from departures from the mean. The use of downstream static 
pressures for this type of connection results in the least change in 
the values of Y due to changes in the values of the h/p ratio from 
the mean operating value. 


Note—In use it may be found that a group of meters in the same 
locality, or operating under the same conditions, will have 
the same values for Fr, and Y. If this is true the flow con- 
stants in this group will be the same for all plates of the 
same size and ratio. 


Pressure Base Factor 
The pressure base factor, Fp», is taken from Table 13. 


Temperature Base Factor 
The temperature base factor, Ft», is taken from Table 14. 


Flowing Temperature Factor 
The flowing temperature factor, Frr, is taken from Table 15, an‘ 


should be based on the actual flowing temperature of the gas. 
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ecific Gravity Factor 


he specific gravity factor, Fs, is taken from Table 16, and 
uld be based on the actual specific gravity of the gas as deter- 
ied by test, and the portion of table nearest to this used, with 
ar interpolation if necessary. 


Supercompressibility Factor 


The supercompressibility factor, Fpr, is taken from Table 17, 
nd should be based on the actual supercompressibility ratio, N, 
as determined by test. 

[he development of the general hydraulic flow equation involves 
the actual density of the fluid at the point of measurement. In the 
measurement of gas this depends upon the flowing pressure and 
temperature. To translate the calculated volume at the flowing 
pressure and temperature to base pressure and temperature, it is 
necessary to apply the law for an ideal gas. All gases deviate from 
this ideal gas law to a greater or lesser extent. This deviation has 
been termed “Supercompressibility.” A factor to take account of 
this supercompressibility is necessary in the measurement of some 
gases. This factor is particularly appreciable at high line pressures. 
However, before any supercompressibility factor can be applied to 
the measurement of a particular gas, an actual determination of 
the deviation from the ideal gas law, over the range of flowing 
pressures and temperatures involved, must have been made. 


Application and Examples 


In the application of these factors, it will be noted that Fr, Y, 
Fp», Fer, Fe and Fpv are multipliers, and may be applied either to 
the basic orifice flow factor, Fs, or to the calculated quantity rate 
of flow, as preferred. 

Examples of the calculation of the quantity rate of flow for vari- 
ous conditions, using the tables in this report follows: 


Example 1. 
Given: 
D, = Line size = 8” Nominal inside diameter 
inside diameter. 
D, = Orifice size = 1.000”. 


8.071” actual 


Meter equipped with Flange Taps, with static pressure from down- 
stream tap. 
T: = Flowing temperature — 65° F. 
P» = 4 oz. above 14.4 Lb/sq. in. = 14.65 Lb/sq. in. absolute 
= pressure base. 
T» = Temperature base = 50° F. = 510° absolute. 


Specific gravity — .570. 

Average differential head hw = 50” Water. 

Average downstream static pressure, pr = 40 Lb/sq. in. absolute. 
Supercompressibility ratio (by Test), N = 0.004. 
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Required: 
The orifice flow constant and the quantity rate of flow for one 
hour at base conditions. 

D, _ 


== ..1239 
D, 


Published approximate inside diameter of pipe = 8.071 
Ratio actual inside diameter to 

approximate inside diameter — 1.000. 
Per cent difference = 0.0 therefore Tables can be used. 


Average \/hw pr = 44.72 
he = i235 
pr 


= 


Average 


From Table 4 for 1” plate in 8” line. 
Fo = 204.97 


From Table 6, 8” Line 1” Plate 


for \/hw pr = 40 Fr = 1.0017 


Fr = 1.0014 
then at \/hw pr = 44.72 Fr = 1.0015 
From Table 9 (Y:2 for downstream static pressure) 
at 5 1.2 and B=.1 and .2; Y2 = 1.0080 
at De 
pr 
Interpolating for 
br — 1.95 and p = .1239; 
pr 
From Table 13 
for 4 oz. above 14.4 Lb/sq. in.; 
From Table 14 
for T» = 50° F.; 
From Table 15 
for T:=— 65° F.: Fir 
From Table 16 
for Specific Gravity = .570; Fs = 1.3245 
From Table 17 
for N = .004 
Then the orifice flow constant is: 
C’ = 204.97 x 1.0015 x 1.0088 x .9829 x .9808 x .9952 x 1.3245 
x 1.0020 = 263.65 = Orifice Flow Constant 
and the rate of flow for 1 hour at base conditions is: 
Qu = 263.65 \/50 x 40 = 11791 
The same value of Qn is obtained if the computations are made in 
this order: 
Qn = [204.97 x \/50 x 40] x (1.0015 x 1.0088 x 0.9829 x 


0.9808 x 0.9952 x 1.3245 x 1.0020) = 9166.5 x 1.2863 
= Si7os 


=i13 at s= 1 onl 2; Y: = 1.0087 


For = 1.002 





ORIFICE METER TABLES FOR NATURAL GAS 


The tolerances necessary in the use of any orifice meter do 
not warrant taking the values in these tables to be accurate 
beyond one in 500. Four figures are given in all cases solely 
to enable different computers to agree within 1 or 2 in the 
fourth significant figure regardless of whether it is on the 
right or left of the decimal. 

In some of the tables values of the constants for a few of 
the smaller orifices are marked with an asterisk, these orifices 
have diameter ratios lower than the minimum value for 


which the formulas used were derived and this size of plate 
should not be used unless it is understood that the accuracy 
of measurement will be relatively low. 

In preparing these tables the intermediate steps were 
usually carried out to 5 or 6 figures and the final value 
rounded off to the nearest fourth or fifth figure. When the 
fifth or sixth figure was a “S” the fourth or fifth figure was 
taken as the nearest even number. 


TABLE 4 fF, 


Base Temperature = 60° F. Flowing Temperature = 60° F; \/hy px 
= 14.4 Lb./Sq. in. abs; Specific Gravity = 1.0; h./p, 


Base Pressure 


BASIC ORIFICE FACTORS — FLANGE TAPS 


Pipe Sizes — Nominal and Actual Diameters 


oo 
0 





3” Std. 
3.068 


4” Sid. 
4.026 


6” Std. 
6.065 


8” Std. 
8.071 





we bs! 
ayn 
ucw 


4 


5 ae 
| 


2. 
2: 
2. 
2 
2 
2. 
2. 
3 
3. 
3 
3 
3. 


12.996" 
29.026 
51.444 
80.426 
116.16 
158.70 
| 208.21 
264.97 
329.41 
402.10 
483:80 
575.47 
678.61 
794.99 
926.76 
1076.6 
1251.2 


tn te bo 
Sag 


bo 35 
pees) 
vucw 





BND et et et et et | 
& 


Z 


 ~3¢ 
S28 
“cow 


-000 — 


—+——_ 


12.974° 
28.989° 
51.376 
80.218 
115.67 
157.81 
206.62 


324.72 
394.35 
471.35 
556.06 
648.93 
750.50 
861.42 
982.50 
1114.9 
1259.9 
1419.0 
1593.9 
1786.7 
2000.3 
2245.3 


26221 | 


51.328* 

80.080 
115.30 
157.08 
205.45 


156.82 
204.97 








260.39 
321.93 
390.11 
464.98 
546.62 
635.11 
730.55 
833.06 


1060.0 
1184.9 
1317.7 
1458.7 
1608.3 
1767.0 
1935.2 





259.69 
320.94 
388.73 
463.10 
544.07 
631.64 
725.90 
826.86 


| 942.83 [ 934.59 | 


1049.1 
1170.5 
1299.0 
1434.4 
1577.1 
1727.1 
1884.6 


259.27 
320.35 
387.95 
462.07 
542.73 
629.94 
723.73 
24.11 
[931.10 
1044.7 
1165.1 
1292.1 
1425.8 
1566.4 
1713.8 
1868.2 


320.00 
387.47 
461.44 
541.93 
628.93 
722.48 
822.56 


541.06 
627.85 
721.15 
|} 820.95 
1040.1 
1159.5 
1285.4 
1417.9 
1557.0 
1702.6 
1854.9 


1042.4 | 
1162.3 | 
1288.7 | 
1421.7 | 
1561.5 | 
1707.9 | 
1861.0 











eb 
ow i 
| 
| 
| 
| 
+ 


ot ot x4 
Ona 
yh o-3 
A) oa “ 


ace 
ohis 
se 


4.750 
5.000 
5.250 
5.500 
5.750 
6.000 








6250 T 


6.500 
6.750 
7.000 
7.250 
7.500 
7.750 
8.000 
8.500 
8.750 
9.000 


9.250 
9.500 
9.750 
" 10.000 
10.250 


8.250 





5 
4313.2 


2113.4 
2302.4 
2502.8 
2715.7 
2941.9 
3182.5 
3438.5 
3711.4 


2049.7 
2222.7 
2403.7 
2593.1 
2791.1 
2998.0 
3214.2 
3439.9 


2029.5 
2197.8 
2373.4 
2556.1 
2746.2 
2943.8 
3149.1 
3362.1 





5013.1 


3922.0 
4448.7 
5024.8 
5656.2 


3812.1 
4295.5 
4812.8 
5369.9 





0349.6 
7112.9 
7956.0 
8906.5 


5965.5 
6604.3 
7289.8 
8026.3 





~ | 5834.0 


2013.7 
2179.2 
2351.3 
2530.1 


2020.9 | 
2187.6 | 
2361.1 | 
2541.5 
2728.9 | 2715.6 
2923.2 | 2907.9 
3124.6 


| 3106.8 
3333.1 3312.5 
3772.0 


~ | 3744.4 
4240.5 
4739.6 


4203.8 
4691.2 
5270.4 _5206.7 
5751.2 
6324.8 


6928.6 
7563.0 


6432.1 
7066.1 
7738.1 





9672.0 
10592 
11587 


8818.7 | 


9204.9 
10006 
10856 


| 8450.0 | 


8229.2 
8927.9 
9660.4 

10428 





| 12664 
13851 


11759 
12719 
13741 
14830 


12073 
12954 
13877 





15991 
17231 
18564 
20014 


14843 
15856 
16918 
18031 





19198 
20426 
21715 
23070 





24496 
25997 
27578 

















11231 


929.21 927.26 
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TABLE 6 
I 


REYNOLDS’ NUMBER FACTORS — FLANGE TAPS 


For 2” Line 





Orifice 
Diam. 


Inches ’ S| 661 ss) oe! 7a) ae | : 20 | 25 30 | 38 | 40 | so | 70 | 100 | 200 





250 1.0232 


375 1.0181 


0185 | 1.0168) 1.0154) 1.0132 1 ] | 1.0077 0046 | 1.0037) 1.0031} 1.0026 | 1.0023 | 1.0019 | 1.0013 | 1.0009 | 1.0005 
0145 | 1.0132) 1.0121 1.0] ) 1.0060 0036 | 1.0029 1.0024) 1.0021 | 1.0018 | 1.0015 | 1.0010 0007 | 1.0004 


] 
l 
1.0147 ] 1.0118 | 1.0107) 1.0098 | 1.008 1.0073 9) 1.0049) ] 0029 | 1.0024. 1.0020) 1.0017! 1.0015 | 1.0012 | 1.0008 | 1.0006 1.0003 
625 1.0126 ] 
l. | 
l ) 


500 
0101 | 1.0093) 1.0084 2 1.0063 | 1.0051) 1.0042 3 0025 | 1.0020) 1.0017) 1.0014} 1.0013 | 1.0010 | 1.0007 | 1.0005 1.0003 
0094 1.0086) 1.0079 006 wy5¢ 1.0039 ( 1.0024) 1.0019) 1.0016) 1.00]3 1.0012 | 1.0009 | 1.0007 | 1.0005 1.0002 

1.0095 | 1.0087) 1.0080 68 6 8) 1.0040 0024) 1.0019) 1.0016) 1.0014) 1.0012 | 1.0010} 1.0007 | 1.0005 1.0002 


0118 
0119 0106 


1.000 1.0129 | 1.0114) 1.0103 | 1.0094) 1.0086 1.0043 1.0026) 1.0021! 1.0017) 1.0015)! 1.0013 | 1.0010) 1.0007 | 1.0005 | 1.0003 
1.125 1.0144} 1.0128) 1.0115) 1.0104) 1.0096 2 0 7} 1.0048) 1] 8 | 1.0029 1.0023) 1.0019) 1.0016} 1.0014 | 1.0011 | 1.0008 | 1.0006 1.0003 
1.250 1.0161 | 1.0143} 1.0129) 1.0117} 1.0108 ) 3 1.0054 0032 | 1.0026) 1.0022) 1.0018 | 1.0016 | 1.0013 | 1.0009 | 1.0006 1.0003 
1.375 1.0179} 1.0159) 1.0143) 1.0130) 1.0119 102 O08 ( 1.0060 1.0036 1.0029) 1.0024! 1.0020) 1.0018 | 1.0014) 1.0010 | 1.0007 | 1.0004 
1.500 1.0193 | 1.0172) 1.0155 | 1.0141} 1.0129 l ( 7) 1.0064 0039 | 1.0031) 1.0026) 1.0022 | 1.0619 | 1.0015); 1.0011 | 1.0008 | 1.0004 








For 4’ 





Orifice 
Diam. 


Inches 4.0 4s | 5.0 5.5 6.0 7.0 8.0 20 25 30 35 | 40 | so | zo | 100 | 200 





250 1.0264 | 1.0234) 1.0211} 1.0192} 1.0176) 1.0151 0132 


0105 | 1.0088 | 1.0070 | 1.0053 | 1.0042 | 1.0035 | 1.0030 | 1.0026 | 1.0021 | 1.0015 | 1.0011 | 1.0005 
375 | 1.0227) 1.0202 | 1.0181 | 1.0165} 1.0151) 1.0130) 1.0113 


l 
1.0091 | 1.0076 | 1.0069 | 1.0045 | 1.0036 | 1.0030 | 1.0026 | 1.0023 | 1.0018)! 1.0013 | 1.0009 | 1.0005 
500 1.0195 | 1.0173 | 1.0156} 1.0142} 1.0130) 1.0111 0097 | 1.0078 | 1.0065 | 1.0052 | 1.0039 | 1.0031 | 1.0026 | 1.0022 | 1.0019 | 1.0016) 1.0011 | 1.0008 | 1.0004 
625 1.0167 1.0149 | 1.0134 | 1.0122} 1.0112) 1.0096 | 1.0084 | 1.0067 | 1.0056 | 1.0045 | 1.0033 | 1.0027 | 1.0022 | 1.0019 | 1.0017 | 1.0013) 1.0010 | 1.0007 | 1.0003 
.750 1.0144} 1.0128 | 1.0116 | 1.0105 | 1.0096} 1.0083 0072 | 1.0058 | 1.0048 0039 | 1.0029 | 1.0023 | 1.0019 | 1.0017 | 1.0014 1.0012 | 1.0008 | 1.0006 | 1.0003 
875 1.0126} 1.0112} 1.0100} 1.0091 | 1.0084) 1.0072 | 1.0063 | 1.0050 | 1.0042 | 1.0033 | 1.0025 | 1.0020 | 1.0017 | 1.0014 | 1.0013 | 1.0010 | 1.0007 | 1.0005 | 1.0003 


1.000 | 1.0110} 1.0098 | 1.0088 | 1.0080 | 1.0074} 1.0063 | 1.0055 | 1.0044 | 1.0037 | 1.0029 | 1.0022 | 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0006 | 1.0004 | 1.0002 
1.125 | 1.0099 | 1.0088 | 1.0079 | 1.0072 | 1.0066! 1.0057 1.0050) 1.0040! 1.0033 | 1.0026 | 1.0020 | 1.0016 | 1.0013 | 1.0011 | 1.0010 | 1.0008) 1.0006 | 1.0004 | 1.0002 
1.250 | 1.0091 | 1.0081 1.0073 | 1.0066 | 1.0061! 1.0052 | 1.0016} 1.0036 | 1.0030 | 1.0024 | 1.0018 | 1.0915 | 1.0012 | 1.0010 | 1.0009 | 1.0007| 1.0005 | 1.0004 | 1.0002 
1.375 | 1.0086 1.0077 | 1.0069 | 1.0063 | 1.0057) 1.0049 | 1.0043 | 1.0034 | 1.0029 | 1.0023 | 1.0017 | 1.0014 1.0011 | 1.0010 | 1.0009 1.0007 | 1.0005 | 1.0003 | 1.0002 
1.500 | 1.0084 | 1.0075 | 1.0067 | 1.0061 | 1.0056 | 1.0048 | 1.0042 | 1.0034 | 1.0028 | 1.0022 | 1.0017 | 1.0013 | 1.0011 | 1.0010 | 1.0008 | 1.0007 | 1.0005 | 1.0003 | 1.6002 
1.625 | 1.0085} 1.0075} 1.0068 | 1.0062 | 1.0056) 1.0018) 1.0042) 1.0034) 1.0028 | 1.0023 | 1.0017 | 1.0014} 1.0011 | 1.0010 | 1.0008 | 1.0007 | 1.0005 | 1.0003 | 1.0002 
1.750 1.0088 | 1.0078 | 1.0070 | 1.0064) 1.0058) 1.0050) 1.0044) 1.0035) 1.0029 | 1.0023 | 1.0018} 1.0014) 1.0012 | 1.0010 | 1.0009 | 1.0007 | 1.0005 | 1.0004 | 1.0002 
1.875 | 1.0092 | 1.0082 | 1.0074 | 1.0067 | 1.0062) 1.0053 | 1.0046 | 1.0037 | 1.0031 | 1.0025 | 1.0018 | 1.0015 | 1.0012 | 1.0011 | 1.0009 | 1.0007 | 1.0005 | 1.0004 | 1.0002 


2.000 | 1.0099] 1.0088 | 1.0079 | 1.0072 | 1.0066) 1.0057) 1.0049] 1.0040 | 1.0033 | 1.0026 | 1.0020 | 1.0016 | 1.0013 | 1.0011 | 1.0010 | 1.0008 | 1.0006 | 1.0004 | 1.0002 
2.125 | 1.0107 1.0095 | 1.0085 | 1.0078 | 1.0071 | 1.0061 | 1.0053} 1.0043 | 1.0036 | 1.0028 | 1.0021 | 1.0017 | 1.0014 | 1.0012 | 1.0011 | 1.0009 1.0006 | 1.0004 | 1.0002 
2.250 | 1.0116] 1.0103 | 1.0093 | 1.0084 | 1.0077) 1.0066) 1.0058] 1.0046} 1.0039 | 1.0031 1.0023 | 1.0019 1.0015 | 1.0013 | 1.0012 | 1.0009 | 1.0007 | 1.0005 | 1.0002 
2.375 1.0125 | 1.0111 | 1.0100 | 1.0091 | 1.0084) 1.0072) 1.0063) 1.0050) 1.0042 | 1.0033 | 1.0025 | 1.0020 | 1.0017 | 1.0014 | 1.0013 | 1.0010 | 1.0007 | 1.0005 | 1.0003 
2.500 1.0135} 1.0120 | 1.0108 | 1.0098 | 1.0090) 1.0077 | 1.0068 | 1.0054 | 1.0045 | 1.0036 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0014 | 1.0011 | 1.0008 | 1.0005 | 1.0003 
2.625 | 1.0145] 1.0129) 1.0116) 1 0105 | 1.0096; 1.0083) 1.0072) 1.0058] 1.0048 | 1.0039} 1 0029 | 1.0023 | 1.0019 | 1.0017 | 1.0014 | 1.0012 | 1.0008 | 1.0006 | 1.0003 

1.0154 | 1.0137 | 1.0123 | 1.0112 | 1.0103) 1.0088 | 1.0977 | 1.0062) 1.0051 | 1.0041 | 1.0031 | 1.0025 | 1.0021 | 1.0018 | 1.0015 | 1.0012 | 1.0009 | 1.0006 | 1.0003 

1.0162 | 1.0144} 1.0130 | 1.0118 | 1.0108} 1.0093} 1.0081} 1.0065} 1.0054 | 1.0043 | 1.0032 1.0026 | 1.0022 1.0019 | 1.0016 | 1.0013 | 1.0009 1.0006 | 1.0003 


| 


1.0168 | 1.0150} 1.0135 | 1.0123 | 1.01 12) 1.0096} 1 snail 1.0067 | 1.0056 | 1 od l 0034) 1.0027| 1.0022 | 1.0019 | 1.0017 ‘aaa 
} | | | 1 i 











] 
1.0010 1.0007 | 1.0003 


| | L 


i 





For 6” Line 


h.p 
ao] 458] so| sS| 60| 70| 80| 10 | 12 | 15 | 20 | 23 | 30 | 35 | « | so | 70 | 100 | 200 








1.0223 | 1.0198 | 1.0178 | 1.0162} 1.0149 | 1.0127 | 1.0112 | 1.0089 | 1.0074 | 1.0059 | 1.0045 | 1.0036 | 1.0030 | 1.0025} 1.0022 | 1.0018 | 1.0013 | 1.0009} 1.0004 
625 | 1.0200 1.0178 | 1.0160 | 1.0146}.1.0134 | 1.0114) 1.0100) 1.0080 | 1.0067 | 1.0053 | 1.0040 | 1.0032 | 1.0027 | 1.0023) 1.0020 | 1.0016 | 1.0011 | 1.0008; 1.0004 
-750 | 1.0178} 1.0158 | 1.0142 | 1.0129) 1.0118 | 1.0101 | 1.0089 1.0071 1.0059 | 1 0047 1.0036 | 1.0028 | 1.0024 | 1.0020) 1.0018 | 1.0014 | 1.0010 | 1.0007 | 1.0004 
875 | 1.0161} 1.0143 | 1.0129 | 1.0117 1.0107 | 1,0092 | 1.0080 | 1.0064 | 1.0054 | 1.0043 | 1.0032 | 1.0026 1.0021 | 1.0018) 1.0016 | 1.0013 1.0009 | 1.0006 | 1.0003 


1.000 | 1.0144! 1.0128 | 1.0115 | 1.0105} 1.0096 | 1.0082 | 1.0072 | 1.0058 | 1.0048 | 1.0038 | 1.0029 | 1.0023 1.0019 | 1.0016} 1.0014} 1.0012 | 1.0008 | 1.0006} 1.0003 
1.125 | 1.0129 pp bee pete 1.0086 | 1.0074 | 1.0065 | 1.0052 | 1.0043 | 1.0034 | 1.0026 | 1.0021 | 1.0017 | 1.6015} 1.0013 | 1.0010 1.0007 | 1.0005 1.0003 
1.250 | 1.0116] 1.0103 | 1.0093 | 1.0084) 1.0077 | 1.0066 | 1.0058 | 1.0046 | 1.0039 6031 | 1.0023 | 1.0019 | 1.0015 | 1.0013) 1.0012 | 1.0009 | 1.0007 | 1.0005| 1.0002 
1.375 | 1.0105} 1.0093 1.0084 | 1.0076] 1.0070 | 1.0060 1.0052 | 1.0042 | 1.0035 | 1.0028 | 1.0021 | 1.0017 | 1.0014 | 1.0012) 1.0010 | 1.0008 | 1.0006 | 1.0004 1.0002 
1.500 | 1.0095} 1.0085 | 1.0076| 1.0069} 1.0063 | 1.0054 | 1.0048 | 1.0038 | 1.0032 | 1.0025 | 1.0019 | 1.0015 | 1.0013 | 1.0011) 1.0010 | 1.0008 | 1.0005 | 1.0004) 1.0902 
1.625 | 1.0087] 1.0077 | 1.0070 | 1.0063) 1.0058 | 1.0050 | 1.0044) 1.0035 | 1.0029 | 1.0023 | 1.0017} 1.0014) 1.0012 | 1.0010) 1.0009 | 1.0007 | 1.0005 | 1.0003) 1.0002 
1.750 | 1.0081) 1.0072 1.0065 | 1.0059| 1.0054 | 1.0046 | 1.0040} 1.0032 | 1.0027 | 1.0022 | 1.0016 | 1.0013 | 1.0011 | 1.0009! 1.0008 | 1.0006 | 1.0005 | 1.0003 | 1.0002 


1.875 | 1.0076) 1.0067 | 1.0060 1.0055} 1.0050| 1.0043 | 1.0038! 1.0030 | 1.0025 | 1.0020 | 1.0015 | 1.0012 | 1.0010 | 1.0009) 1.0008 | 1.0006 | 1.0004) 1.0003) 1.0002 











| | | | es 
2.000 1.0072 | 1.0064 | 1.0058 | 1.0052 | 1.0048 | 1.0041 | 1.0036) 1.0029 | 1.0024 0019 | 1.0014; 1.0012 | 1.0010 | 1.0008) 1.0007 | 1.0006 | 1.0004 | 1.0003; 1.0001 
2.125 | 1.0070 | 1.0062 | 1.0056 | 1.0051} 1.0046| 1.0040  1.0035| 1.0028 | 1.0023 | 1.0019 | 1.0014] 1.0011 | 1.0009 | 1.0008] 1.0007 | 1.0006 | 1.0004 | 1.0003} 1.0001 


2.250 1.0068} 1.0061 | 1.0055 | 1.0050] 1.0046 1.0039 | 1.0034] 1.0027] 1.0023 | 1.0018 | 1.0014] 1.0011 | 1.0009 | 1.0008] 1.0007 | 1.0005 | 1.0004 | 1.0003 | 1.0001 


2.375 1.0069 | 1.0061 | 1.0055 | 1.0050} 1.0046 | 1.0039 | 1.0034) 1.0027 | 1.0023 | 1.0018 | 1.0014} 1.0011 | 1.0009 | 1.0008} 1.0007 | 1.0005 | 1.0004 | 1.0003) 1.0001 


2.500 1.0070 | 1.0062 | 1.0056 1.0051! 1.0046! 1.0040 1.0035) 1.0028) 1.0923 | 1.0019 | 1.0014} 1.0011 | 1.0009 | 1.0008! 1.0007 | 1.0006 | 1.0004 1.0003) 1.0001 


2.625 | 1.0072 | 1.0064 | 1.0057 | 1.0052] 1.0048) 1.0041 | 1.0036) 1.0029] 1.0024 | 1.0019 | 1.0014] 1.0011] 1.0010 | 1.0008) 1.0007 | 1.0006 | 1.0004 | 1.0003! 1.0001 
2.750 1.0075 | 1.0066 | 1.0060 1.0054) 1.0050} 1.0043 1.0037| 1.0030) 1.0025 | 1.0020 | 1.0015} 1.0012 | 1.0010 | 1.0009) 1.0007 | 1.0006 | 1.0004 | 1.0003) 1.0001 


2.875 1.0079 | 1.0070 | 1.0063 1.0057| 1.0052 | 1.0045 1.0039 | 1.0031 | 1.0026 | 1.0021 | 1.0016 | 1.0013 | 1.0010 | 1.0009) 1.0008 | 1.0006 | 1.0004 | 1.0003 | 1.0002 
| 


3.000 | 1.0083 | 1.0074 | 1.0066 | 1.0060} 1.0055 | 1.0047 | 1.0042) 1.0033 | 1.0028 | 1.0022 | 1.0017 | 1.0013) 1.0011 | 1.0009) 1.0008 | 1.0007 | 1.0005 | 1.0003 | 1.0002 
3.125 1.0088 | 1.0078 1.0071 1.0064) 1.0059! 1.0050) 1.0044) 1.0035) 1.0029 | 1.0024 | 1.0018} 1.0014! 1.0012 | 1.0010) 1.0009 | 1.0007 | 1.0005 | 1.0004; 1.0002 
250 | 1.0094} 1.0084 1.0075 | 1.0968) 1.0063 | 1.0054) 1.0047 1.0038} 1.0031 | 1.0025 | 1.0019 | 1.0015 | 1.0913 | 1.0011} 1.0009 | 1.0008 | 1.0005 | 1.0004) 1.0002 

3.375 1.0100 | 1.0089 | 1.0080 | 1.0073} 1.0067} 1.0057 1.0050, 1.0040) 1.6033 | 1.0027 | 1.0020} 1.0016} 1.0013 | 1.0011! 1.0010 | 1.0008 | 1.0006 | 1.0004} 1.0002 
3.500 | 1.0106 | 1.0095 | 1.0085 | 1.0077) 1.0071 | 1.0061 | 1.0053, 1.0043 | 1.0035 | 1.0028 | 1.0021 | 1.0017 | 1.0014 | 1.0012/ 1.0011 | 1.0009 | 1.0006 | 1.0004) 1.0002 
3.625 1.0113 | 1.0100 | 1.0090 | 1.0082) 1.0075 | 1.0065) 1.0056; 1.0045) 1.0038 0030 | 1.0023 | 1.0018 | 1.0015 | 1.0013) 1.0011 | 1.0009 | 1.0006 | 1.0005 1.0002 
3.750 1.0120 | 1.0106 | 1.0096 | 1.0087) 1.0080) 1.0068 1.0060) 1.0048) 1.0040 0032 + 1.0024 | 1.0019 | 1.0016 | 1.0014) 1.0012 | 1.0010 | 1.0007 | 1.0005 | 1.0002 
3.875 | 1.0126 | 1.0112 | 1.0101 | 1.0092) 1.0084] 1.0072 1.0063) 1.0050} 1.0042 | 1.0034 | 1.0025 | 1.0020 | 1.0017 | 1.0014) 1.0013 | 1.0010 | 1.0007 | 1.0005} 1.0003 

| 

4.000 1.0133) 1.0118 | 1.0106 1.0097| 1.0089} 1.0076! 1.0066! 1.0053) 1.0044 1.0035 | 1.0027 1.0021 | 1.0018 | 1.0015) 1.0013 | 1.0011 | 1.0008 | 1.0005) 1.0003 
4.250 | 1.0145 | 1.0129 | 1.0116 | 1.0105) 1.0097} 1.0083) 1.0072} 1.0058) 1.0048 | 1.0039 | 1.0029 | 1.0023 | 1.0019 | 1.0017} 1.0014} 1.0012 | 1.0008 | 1.0006 1.0003 
4.500 1.0135 | 1.0138 sani 1.0113) 1.0103} 1.0088) 1.0077) 1.0062} 1.0052 | 1.0041 | 1.0081 | 1.0025 1.0021 1.0018 | weane 1.0012 | 1.0009 | 1.0006 | 1.0003 
i i i 


| 
i i 
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TABLE 6 — Continued 
F, 


REYNOLDS’ NUMBER FACTORS — FLANGE TAPS 
For 8” Line 





V he p 





40] 45 [ so] ss | 60] 70 | 80 | 10 | 12 | 15 [| 20 [| 25 | 30 35 | 40 | so | zo | 100 | 200 











| ] 
1.0185 | 1.0165 | 1.0148} 1.0135) 1.0124 | 1.0106 1.0098 | 1.0074 | 1.0062 | 1.0049 1.0037 | 1.0030 | 1.0025 | 1.0021 | 1.0019 | 1.0015 | 1.0011 | 1.0007 | 1.0004 


1.0170 | 1.0151 | 1.0136} 1.0124} 1.0113 | 1.0097 1.0085 | 1.0068 | 1.0957 | 1.0045 1.0034} 1.0027 | 1.0023 | 1.0019 1.0017 | 1.0014 1.0010 | 1.0007 | 1.0003 
1.0156] 1.0138] 1.0125| 1.0113) 1.0104 | 1.0089 | 1.0078 | 1.0062 1.0052 | 1.0042 1.0031} 1.0025 | 1.0021 | 1.0018 1.0016 | 1.0012 1.0009 | 1.0006} 1.0003 
1.0143 1.0127 | 1.0114) 1.0104) 1.0095 | 1.0082 1.0071 | 1.0057 | 1.0048 | 1.0038 1.0029} 1.0023 | 1.0019 | 1.0016 1.0014 | 1.0011 1.0008 | 1.0006 | 1.0003 
1.0131} 1.0116) 1.0105} 1.0095} 1.0087 | 1.0075 1.0065 | 1.0052 1.0044 | 1.0035} 1.0026) 1.0021 | 1.0017 | 1.0015 1.0013 | 1.0010 1.0007 | 1.0005 | 1.0003 
1.0120! 1.0106} 1.0096) 1.0087) 1.0080 | 1.0068 | 1.0060 | 1.0048 | 1.0040 | 1.0032 | 1.0024} 1.0019 | 1.0016 | 1.0014 | 1.0012 | 1.0010 | 1.0007 | 1.0005) 1.0902 
1.0110} 1.0098 | 1.0088 | 1.0080} 1.0073 | 1.0063 | 1.0055 | 1.0044 | 1.0037 | 1.0029 | 1.0022} 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0006 | 1.0004] 1.0002 
1.0101 | 1.0090} 1.0081 | 1.0073) 1.0067 | 1.0058 1.0050 | 1.0040 1.0034 | 1.0027 | 1.0020) 1.0016 | 1.0013 | 1.0012 | 1.0010 | ¥.0008 | 1.0006 | 1.0004} 1.0002 
1.0093 | 1.0082] 1.0074] 1.0067) 1.0062 | 1.0053 1.0046 | 1.0037 | 1.0031 | 1.0025 1.0019} 1.0015 | 1.0012 | 1.0011 | 1.0009 | 1.0007 | 1.0005 | 1.0004} 1.0002 


1.0086 | 1.0076} 1.0069 1.0062) 1.0057 | 1.0049 | 1.0043 | 1.0034 | 1.0029 1.0023 | 1.0017) 1.0014 | 1.0011 | 1.0010} 1.0009 | 1.0007 | 1.0005 | 1.0003 | 1.0002 
1.0080 | 1.0071 | 1.0064] 1.0058} 1.0053 | 1.0045 | 1.0040 | 1.0032 | 1.0027 | 1.0021] 1.0016] 1.0013 | 1.0011] 1.0009 | 1.0008 | 1.0006 | 1.0005 | 1.0003} 1.0002 
1.0074 | 1.0066 | 1.0059 | 1.0054; 1.0050) 1.0042 1.0037 | 1.0030 | 1,0025 | 1.0020} 1.0015} 1.0012 | 1.0010} 1.0008 | 1.0007 | 1.0006 | 1.0004 | 1.0003 | 1.0002 
1.0070 | 1.0062 | 1.0056} 1.0051) 1.0047) 1.0040) 1.0035 1.0028 | 1.0023 | 1.0019| 1.0014] 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0004 | 1.0003 | 1.0001 
1.0066 | 1.0059 | 1.0053} 1.0048) 1.0044) 1.0038) 1.0033 1.0026 | 1.0022 | 1.0018} 1.0013} 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
1.0064 | 1.0056} 1.0051} 1.0046) 1.0042) 1.0036) 1.0032 | 1.0025 1.0021 1.0017 | 1.0013} 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003 | 1.000) 
1.0061} 1.0055 | 1.0049| 1.0045) 1.0041 | 1.0035 | 1.0031 | 1.0025 | 1.0020 | 1.0016 | 1.0012} 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 1.0002 | 1.0001 
1.0060} 1.0053} 1.0048) 1.0044! 1.0040! 1.0034! 1.0030 | 1.0024 | 1.0020 | 1.0016 | 1.0012} 1.0010 | 1.0008 | 1.0007 | 1.0006 1.0005 | 1.0003 | 1.0002 | 1.0001 


1.0059 | 1.0053 | 1.0047} 1.0043} 1.0040)! 1.0034) 1.0030 | 1.0024 | 1.0020 | 1.0016 | 1.0012] 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
1.0059 | 1.0053 | 1.0047} 1.0043) 1.0040) 1.0034] 1.0030 | 1.0024 1,0020 | 1.0016 | 1.0012} 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
1.0060 | 1.0053} 1.0048) 1.0044) 1.0040) 1.0034) 1.0030 | 1.0024 | 1.0020 | 1.0016 | 1.0012} 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
1.0061| 1.0054] 1.0049| 1.0044] 1.0041 | 1.0035} 1.0031 | 1.0024 | 1.0020 | 1.0016 | 1.0012] 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
1.0063 | 1.0056 | 1.0050) 1.0046) 1.0042 | 1.0036} 1.0031 1.0025 | 1.0021 | 1.0017} 4.0013} 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
1.0065 | 1.0058 | 1.0052 | 1.0047} 1.0043 | 1.0037) 1.0033 | 1.0026 | 1.0022 | 1.0017 | 1.0013} 1.0010 | 1.0009 | 1.0007 | 1.0007 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
1.0068 | 1.0060 | 1.0054} 1.0049] 1.0045) 1.0039| 1.0034} 1.0027 | 1.0023 | 1.0018 | 1.0014] 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
1.0071 | 1.0063 | 1.0057} 1.0051 1.0047) 1.0040} 1.0035 | 1.0028 | 1.0024 | 1.0019 | 1.0014] 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0004 | 1.0003 | 1.0001 


1.0074] 1.0066 | 1.0060| 1.0054} 1.0050 | 1.0042 | 1.0037 1.0030 | 1.0025 | 1.0020 | 1.0015} 1.0012 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0004 | 1.0003 | 1.0001 
1.0082 | 1.0073 1.0066 | 1.0060) 1.0055 | 1.0047 | 1.0041 | 1.0033 | 1.0028 | 1.0022 | 1.0016} 1.0013 | 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0003 | 1.0002 
1.0091 | 1.0081 | 1.0073 | 1.0067) 1.0061 | 1.0052} 1.0046 | 1.0037 | 1.0030 | 1.0024} 1.0018] 1.0015 | 1.0012 | 1.0010 | 1.0009 | 1.0007 | 1.0005 | 1.0004 | 1.0002 


1.0101} 1.0090 1.0081) 1.0074} 1.0068 | 1.0058 | 1.0051 | 1.0041 1.0034 | 1.0027 | 1.0020} 1.0016 | 1.0014 | 1.0012 | 1.0010 | 1.0008 | 1.0006 | 1.0004 | 1.0002 
| | 


1.0112} 1.0099| 1.0089} 1.0081) 1.0074) 1.0064] 1.0056 | 1.0045 | 1.0037 | 1.0030 | 1.0022} 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0006 | 1.0004 | 1.0002 
1.0122] 1.0108} 1.0097) 1.0089] 1.0081} 1.0070} 1.0061 | 1.0049 | 1.0041 | 1.0032 | 1.0024} 1.0019 | 1.0016 | 1.0014 | 1.0012 | 1.0010 | 1.0007 | 1.0005 | 1.0002 
1.0131 | 1.0117} 1.0105} 1.0095 1.0088) 1.0075| 1.0066 | 1.0053 1.0944 | 1.0035 | 1.0026} 1.0021 | 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0008 | 1.0005 | 1.0003 
1.0140} 1.0124] 1.0112] 1.0102} 1.0093} 1.0080] 1.0070 | 1.0056 | 1.0047 | 1.0037 | 1.0028 | 1.0022 | 1.0019 | 1.0016 | 1.0014 | 1.0011 | 1.0008 | 1.0006 | 1.0003 


1.0147} 1.0131} 1.0118 1.0107} 1.0098 1.0084} 1.0074 1.0059 | 1.0049 | 1.0039 | 1.0029] 1.0024 | 1.0020 | 1.0017 | 1.0015 | 1.0012 | 1.0008 | 1.0006 | 1.0003 


i. 












































For 10” Line 


V hy pr 


40] 45 5.0 5.5 60 | 7.0 Z 8.0 | oe) 20 25 30 35 40 50 70 100 | 200 
FR | 














1.0176} 1.0157 | 1.0141 | 1.0128) 1.0118 | 1.0101 | 1.0088 | 1.0071 | 1.0059 | 1.0047 | 1.0035 | 1.0028 | 1.0024] 1.0020| 1.0018 | 1.0014 | 1.0010) 1.0007 | 1.0004 
1.0164} 1.0146 | 1.0131 | 1.0119} 1.0109 | 1.0094 | 1.0082 | 1.0066 | 1.0055 | 1.0044} 1.0033 | 1.0026 | 1.0022 | 1.0019} 1.0016 | 1.0013 | 1.0009) 1.0007 | 1.0003 
1.0153} 1.0136 | 1.0122 | 1.0111) 1.0102 | 1.0087 | 1.0076 | 1.0061 1.0051 1.0041 | 1.0031 | 1.0024 | 1.0020} 1.0017 | 1.0015 | 1.0012 | 1.0099) 1.0006 | 1.0003 
1.0142] 1.0126 | 1.0114 | 1.0103) 1.0095 | 1.0081 | 1.0071 | 1.0057 | 1.0047 1.0038 | 1.0028 | 1.0023 | 1.0019 1.0016 | 1.0014 | 1.0011 | 1.0008) 1.0006 | 1.0003 
1.0132} 1.0117 | 1.0106 | 1.0096} 1.0088 | 1.0075 | 1.0066 | 1.0053 | 1.0044 | 1.0035 | 1.0026 | 1.0021 | 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0008} 1.0005 | 1.0003 
1.0122] 1.0109 | 1.0098 | 1.0089) 1.0082 | 1.0070 | 1.0061 | 1.0049 | 1.0041 | 1.0033 | 1.0024 | 1.0020 | 1.0016 1.0014 1.0012 | 1.0010 | 1.0007} 1.0005 | 1.0002 
1.0114} 1.0101 | 1.0091 | 1.0083 | 1.0076 | 1.0065 | 1.0057 | 1.0046 | 1.0038 | 1.0030 | 1.0023 | 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0007] 1.0005 | 1.0002 


1.0106} 1.0094 | 1.0085 | 1.0077 | 1.0071 | 1.0060 | 1.0053 | 1.0042 | 1.0035 | 1.0028 | 1.0021 | 1.0017 | 1.0014} 1.0012 | 1.0011 | 1.0008 | 1.0006/ 1.0004 | 1.0002 
1.0098 | 1.0087 | 1.0079 | 1.0072} 1.0066 | 1.0056 | 1.0049 | 1.0039 | 1.0033 | 1.0026 | 1.0020 | 1.0016 | 1.0013 | 1.0011 | 1.0010 | 1.0008 | 1.0006} 1.0004 | 1.0002 
1.0091} 1.0081 | 1.0073 | 1.0067 | 1.0061 | 1.0052 | 1.0046 | 1.0037 | 1.0030 | 1.0024 | 1.0018 | 1.0015 | 1.0012} 1.0010 | 1.0099 | 1.0007 | 1.0005} 1.0004 | 1.0002 
1.0085 | 1.0076 | 1.0068 | 1.0062 | 1.0057 | 1.0049 | 1.0043 | 1.0034 | 1.0028 | 1.0023 | 1.0017 | 1.0014} 1.0011] 1.0010 | 1.0009 | 1.0007 | 1.0005} 1.0003 | 1.0002 
1.0080) 1.0071 | 1.0064 | 1.0058 | 1.0053 | 1.0046 | 1.0040 | 1.0032 | 1.0027 | 1.0021 | 1.0016 | 1.0013 | 1.0011} 1.0099 | 1.0008 | 1.0006 | 1.0005} 1.0003 | 1.0002 
1.0075 | 1.0066 | 1.0060 | 1.0054) 1.0050 | 1.0043 | 1.0037 | 1.0030 | 1.0025 | 1.0020 | 1.0015 | 1.0012 | 1.0010| 1.0009 | 1.0008 | 1.0006 | 1.0004) 1.0003 | 1.0001 
1.0070 | 1.0062 | 1.0056 | 1.0051 | 1.0047 | 1.0040 | 1.0035 | 1.0028 | 1.0023 | 1.0019 | 1.0014 | 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0004) 1.0003 | 1.0001 
1.0066 | 1.0059 | 1.0053 | 1.0048 | 1.0044 | 1.0038 | 1.0033 | 1.0027 | 1.0022 | 1.0018 | 1.0013 | 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0004} 1.0003 | 1.0001 


1.0063 | 1.0056 | 1.0050 | 1.0046} 1.0042 | 1.0036 | 1.0032 | 1.0025 | 1.0021 | 1.0017 | 1.0013 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004} 1.0003 | 1.0001 
1.0060} 1.0053 | 1.0048 1.0044) 1.0040 | 1.0034} 1.0030} 1.0024 | 1.0020 | 1.0016 | 1.0012 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003} 1.0002 | 1.000) 
1.0058 | 1.0051 | 1.0046 } 1.0042 | 1.0039 | 1.0033 1.0029 | 1.0023 | 1.0019 1.0015 | 1.0012 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003} 1.0002 | 1.0001 
1.0056 | 1.0050 | 1.0045 | 1.0041} 1.0037 | 1.0032 1.0028 | 1.0022 | 1.0019 | 1.0015 | 1.0011 | 1.0009 | 1.0007 | 1.0006 | 1.0006 | 1.0004 | 1.0003} 1.0002 | 1.0001 
1.0054 | 1.0048 | 1.0044 | 1.0040} 1.0036 | 1.0031 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0011 | 1.0009 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003] 1.0002 | 1.0001 
1.0054} 1.0048 | 1.0043 | 1.0039 1.0036 | 1.0031 | 1.0027 | 1.0021 | 1.0018 | 1.0014 | 1.0011 | 1.0009 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003} 1.0002 | 1.000! 
1.0053 | 1.0047 | 1.0042 | 1.0039 | 1.0035 | 1.0030 | 1.0026 | 1.0021 | 1.0018 | 1.0014) 1.0011 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003 1.0002 | 1.0001 
1.0053 | 1.0047 | 1.0042 | 1.0038) 1.0035 1.0030 | 1.0026 | 1.0021 1.0018 | 1.0014 | 1.0011 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003 1.0002 | 1.0001 
1.0053 | 1.0047 | 1.0043 | 1.0039) 1.0035 | 1.0030 | 1.0027 | 1.0021 | 1.0018 | 1.0014 | 1.0011 | 1.0009 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003] 1.0002 | 1.0001 
1.0055 | 1.0049 | 1.0044 | 1.0040) 1.0037 | 1.0031 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0011 | 1.0009 | 1.0007 | 1.0006 | 1.0006 | 1.0004 | 1.0003] 1.0002 | 1.000! 
1.0058 | 1.0051 | 1.0046 | 1.0042 | 1.0039 | 1.0033 | 1.0029 | 1.0023 | 1.0019 | 1.0015 | 1.0012 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003} 1.0002 | 1.0001 
1.0062 | 1.0055 | 1.0050 | 1.0045 1.0041 | 1.0035 | 1.0031 1.0025 1.0021 | 1.0017 | 1.0012 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 1.0004} 1.0002 | 1.000 


1.0068 | 1.0060 | 1.0054 | 1.0049) 1.0045 | 1.0039 | 1.0034 | 1.0027 | 1.0022 | 1.0018 | 1.0014 |1.0011° | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0004) 1.0003 | 1.000) 
1.0074} 1.0066 | 1.0059 | 1.0054} 1.0049 | 1.0042 | 1.0037 | 1.0030 | 1.0025 | 1.0020 | 1.0015 | 1.0012 | 1.0010 | 1.0098 | 1.0007 | 1.0006 | 1.0004) 1.0003 | 1.000) 
1.0081 | 1.0072 | 1.0065 | 1.0059 1.0054 | 1.0046 | 1.0040 | 1.0932 | 1.0027 | 1.0022 | 1.0016 | 1.0013 | 1.0011 | 1.0009 | 1.0008 | 1.0006 | 1.0005 | 1.0003 | 1.000: 
1.0088 | 1.0079 | 1.0071 | 1.0064 1.0059 | 1.0051 | 1.0044} 1.0035 | 1.0029 | 1.0024 | 1.0018 | 1.0014 | 1.0012 | 1.0010 | 1.0009 | 1.0007 | 1.0005} 1.0004 | 1.000: 


1.0096 | 1.0086 | 1.0077 | 1.0070) 1.0064 | 1.0055 | 1.0048 | 1.0039 1.0032 | 1.0926 | 1.0019 | 1.0015 | 1.0013 | 1.0011 | 1.0010 | 1.0008 1.0006 | 1.0004 | 1.000 
1.0105} 1.0093 | 1.0084 | 1.0076] 1.0070 | 1.0060 | 1.0052 | 1.0042 | 1.0035 | 1.0028 | 1.0021 | 1.0017 | 1.0014 | 1.0012 | 1.0010 | 1.0008 | 1.0006] 1.0004 | 1.000: 
1.0113} 1.0100 | 1.0090 | 1.0082) 1.0075 1.0064 | 1.0056 | 1.0045 | 1.0038 | 1.0030 | 1.0023 | 1.0918 | 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0006} 1.0005 | 1.000 
1.0121) 1.0107 | 1.0097 | 1.0088) 1.0080 | 1.0069) 1.0060} 1.0048 | 1.0040 | 1.0032 | 1.0024 | 1.0019 | 1.0016 | 1.0014 | 1.0012 | 1.0010 | 1.0007} 1.0005 | 1.000 


1.0128} 1.0114 | 1.0103 | 1.0093) 1.0086 1.0073 | 1,0064 | 1.0051 | 1.0043 | 1.0034 | 1.0026 | 1.0021 | 1.0017 | 1.0015 | 1.0013 | 1.0010 | 1.0007] 1.0005 | 1.000 

1.0135] 1.0120 | 1.0108 | 1.0098) 1.0090 | 1.0077 1.0068 | 1.0054 | 1.0045 | 1.0036 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0014 | 1.0011 | 1.0008) 1.0005 | 1.000 

1.0141} 1.0126 | 1.0113 wanersad, 1.0094 | 1.0081 | 1.0071 1.0056 1.0047 | 1.0038 | 1.0028 | 1.0023 | 1.0019} 1.0016 | 1.0014 | 1.0011 | 1.0008) 1.0006 | 1.000 
1 
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€000°T | 9000°T | 8000°T | TLOO"L| FLOO'T | 9LOO'L | 8LOO'T | ZZ00'L | 8ZOO'L | LEOO'L | 9POO'L | SSOO'L | 6900'T | 6L00°L | Z600°L | LOLOL | LELO'L) EZLOT | 8ELOL |] 0006 


£000'T | S000'T | 8000°T | TTOO'L| ELOO'L| STOOL | SLOO'L | [ZOOL | LZ00°T | 9EOO'L | PHOOL | ESOO'L | L900'L | 9200°T | 6800'T | L600°L | LOLO'T | 6LLO'T | e101 OSL'8 
£000°T | SOOO'L | LOOO'L | OLOO'L| ELOO'L| STOOL | LLOO'L | OZOO'L | 9ZOO'L| PEOO'L | EHOO'L | LSOOL | F900L | €200°L | S8OOL | L600L | COLO) PLLO'L | 8ZLO'T 00S°8 
Z000'L | SOOO'T | LOOO'L | OLOO'L| ZLOO'L| HLCO'L | 9LOO'L | GLOO'L | FZOO'L | ZEOOL | THEOL | 6FOOL | L9DO'L | OLOO'L | L800°L | O8VO'T | LO00'L| BOLOL | CELO-L OSz'8 
Z000°L | SOOO'L | LO00°L | 60BO'T| ZTLOO'L| ELOV'L | SLOO'L | 8LOO'L | ET00'L| LEOO'L | BEOO'L | 9FOO'L | BSOO'T | 9900°L| L200°L | P8OO'L | ZO00'T| SOLO'L | SLLO'T 000°8 


| 
Z00C'T | £000°T | 9000°T | 6000°L} TLOO'T| ZLO0°L | FLOO'LE | LLOO'T | ZZ00°L | 6ZOO'L | 9EOO'L | EFOO'L | PSOO'L | Z900'T | ZZ00°T | 6Z00'L | LB00°T| 9600°T | 8OTO'T OSL'L 
Z000°L | £000°L | 9000°L | 8000°L| OLOO'L| ZLOO'L | FLOO'L | 9LOO'T | OZOO'L| LZOO'L | FECO'L| LHOO'L| TSOO'L | 8S00'T | 8900°L | PLOO'T | L800'T| 0600'T | ZOLO'T 00S°L 
O00'T | POOO'T | SOOOT | 8000°L| 6000°L| LLOO'T LLOO'T | SLOO'L | GLOO'L| SZ00°L | ZTEOO'L| BEOOL| LEOUL | HSOO'L | €900°L | 69CO'T | 9LOO'L| H800'T | SOOT OSZL 
Z000°L | POOO'L | SOOO'L| LOGO'L| 600O'L| OLOO'L | ZLOO'L | FLOO'L | 8LOO'L| EZ0O'L | 6Z00'L | SEOO'L| FHOO'L | OSOO'L | 6S00'T | H900'T | OLOO'L| 8LOO'L | 8800'T 000'L 


























ZO00'T | £000°T | SOOO'T | LOOO'T | 8000°T | 6000°T | TLOO'T | STOOL] 9LOOT | ZZ0OL] LEOOT | ECOL | THOT |9HOOT | PSOOL |6SOOT [S9D0OL | ZZ00°L | L800'L | OSL'9 
ZOOO'L | COOOL | FO00'L | 9000°L | 8000°L | 6000°T | OLOO'L | ZLOOT | STOOL | OZOOL | STOOL | OLOOL | BEOOT [LEVON | OSOOT |SSOOL }O900'L | LO00'T |SLOOL | 00S'9 
1000°T | £000°T | FO00'T | 9000°T | L000°T | 8000°T | 6COO'T | TLOOT | PLOO'T | BLOOT | EZOOT | 8ZOOL | SEOOT |OLOO'L | 9FOO'T |OSOO'L |SSOO'T | L900°L |6900°'L | OSz9 
1000°T | £000°L | F000'T | SOOU'L | 9O0O'T | LOOO'L | 6000°T | OLOO'L| ELOOL| LIOOL] 1Z60°L | 9ZOOL | ZEOOL |9EOO'T | SPOOL |9POOL | LSOO'L | LS00°L | F900'T | 000°9 


1000°T | Z000°T | €000°T | SOOO*T | 9000°T | LOOO'T | 8000°T | 6000°T | ZTOO'T | 9LOO'T| OZOO'T | HZOO'L | OLOON'T | PEOO'T | 6E0O'T | EPOO'T | LHOO'L | ESOO'L | 6S00'T 0S2°sS 
1000°L | Z000°T | LO0O'T | POODLE | 9000 | 9COOT | LOOO'T | 6000°T | TLOOT | STOOL) SLOOT | ZZ00°T | 8ZOOL | ZEOO'L | LEONT |OPOOL | PROO'T | 6POO'L | SSO0'T 00S°S 
1000°T | Z000°T | €000°T | FOOO'T | SOOO'T | 9000'T | LOOO'T | 8000 | OLOO'T | PLOOT| LLOOL | LZ00'T | 9Z00'L |OEOO'T | SEOO'L |8EOOT | ZHOO'L | 9POO'L | ZS00'T OS'S 
1000°L | Z000°T | £000°T | FOOO'T | SOOO'T | 9000°T | LOOO'T | 8000'T | OLOO'L | ELOOL| LLOO'L | OZOO'T | STOOL |8Z00'T | ELOO'T | 9E0O'L |OPOO'T | PEOO'L | OSOO'T 000°S 


1000°T | Z000'T | €000°T | FOOO'T | SOOO'T | 9000°T | 9000'T | 8000°T| OLOO'T | ELOOT) 9LOOT | 6100'T | HZOO'T |8ZOO'T | ZEOO'T | SEOO'T |6E00'T | EFOO'T | 6POO'T OSL’b 
LOOO'L | Z000°T | €O00'T | FOOO'T | SOOO'L | 9OOO'T | 9000'T | 8000'T | OLOO'T | ELOOL) 9LOOT | 6LOOT | HZOO'T | 8Z00'T | ZE0OL | SEOO'T | 6EOO'T | EFOO'L | 8POO'T O00S'P 
1000°L | Z000°T | £000'T | FOOO'T | GODOT | 9000'T | LOOO'T | 8000'T | OLOO'T | ELOOL| 9LOO'T | OZOO'T | STOOL |8ZOOT | CEOO'T | 9E00'L |OPOO'T | PHOO'T | 6FOO'T OST PY 
1000°T | Z000°T | €000°T | FOOO'T | SOOO'L | 9000'T | LOOO'T | 8000°T | OLOO'T | PLOT) LIOO'L | TZOO'T | 9ZOO'T |OLOO'T | FLOO'T |BEOOT | THOOL | 9POO'L | ZS00'T OOO 


1000°T | Z000°T | €O0O'T | HOON'T | SOOO'T | 9OOO'T | LOOO'T | 6000°T | TLOOL | PLOOT | BIOOT | LZ00°L | LZ00'T [OLOO'T | 9E00'L |6E0OT [EPOO'T | LOOT | ESOO'T Clee 


1000°L | Z000°T | €OO0O'T | F000°T | 9000°T | 9000°L | LOOO'T | 6000°T | LLOO'L | STOOL] BLOOT | ZZOO'L | 8ZOO'L | ZEOO'L | LEOOL |OPOOL | PHOO'T | 6POOL | SS00'T OSL’E 
L000'T | Z000°T | COOO'T | SOOO'T | 9O00'T | LOOO'T | 8O0O0°T | 6000°L | ZLOO'T | STOOL | 6LOO°L | ZOOL | 6ZOO'L [EEO | 8EOO'L | ZHOO'T |9POO'T | LSUO'T | 8S00°T C79'E 
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TABLE 17 


Foe 


SUPERCOMPRESSIBILITY FACTORS 





Supercom- 
pressibility 
Ratio 
N 





Supercom- 
pressibility 
Factor 

F. 


pv 


Supercom- 
pressibility 
Ratio 
N 





Supercom- 
pressibility 
Factor 


py 








000 
002 
004 
006 
008 


012 
014 
016 


020 
022 
024 
026 
028 


030 


1.0000 
1.0010 
1.0020 
1.0030 
1.0040 


1.0050 
1.0060 
1.0070 
1.0080 
1,0090 





1.0344 
1.0354 
1.0363 
1.0373 
1.0383 


1.0392 
1.0402 
1.0412 
1.0421 
1.0431 


1.0440 
1.0450 
1.0459 
1.0469 
1.0479 


1.0488 
1.0498 
1.0507 
1.0517 
1.0526 


1.0536 
1.0545 
1.0555 
1.0564 
1.0574 


1.0583 
1.0592 
1,0602 
1.0611 
1.0621 


1.0630 
1.0640 
1.0649 
1.0658 
1.0668 


1.0677 











Oc’ ber 1, 1953, American Gas Journal 


FUEL CONSUMPTION OF GAS ENGINES 


The amount of gas required per hp hour is dependent upon the 
efficiency of the engine and the percentage of full load at which 
it is operating. As the hp output of the engine decreases, the fuel 
consumption per hp hour increases. For estimating purposes, the 
following figures may safely be used. 


Per Cent 


Btu 
per 
HP Hr 


10,200 
11,200 
14,500 
20,600 


of 
Full Load 


Inasmuch as most engines operate between 75 and 100 per 
cent of full load, the accepted practice is to figure 11,200 Btu per 
hp hour. 


BTU PER BRAKE HORSEPOWER HOUR 


Small Bore 
below 7” 
10,200 
10,300 
10,800 
11,300 
13,000 
14,500 
16,500 
19,000 
23,000 


Large Bore 
above 7” 


9,700 

9,900 
10,200 
10,900 
11,800 
13,000 
14,800 
17,000 
20,500 





The above figures do not include the power required to operate 
the auxiliaries such as: cooling water pump, fan charging gen- 
erator, etc. 

The heat to be dissipated in a gas engine is approximately as 
follows: 


Cooling water 3000 Btu per BHP hour or 50 Btu per minute 
per BHP. 
Exhaust 3500 Btu per BHP hour or 59 Btu per minute per BHP. 


The formula for figuring the quantity of cooling water required 
is as follows: 
BHP & Btu 
GO “Tas 
where 
GPM — Gallons per minute of cooling water 
BHP — Brake horse power load on engine 
Btu — Heat to be dissipated—Btu per minute 


T = Difference in cooling water temperature in and out. 


The heat balance of a natural gas engine at full load is ap- 
proximately as follows: 


Brake horse power 25% 
*Friction 71% 
Cooling Water 30% 
Exhaust 35% 
Radiation 3% 


* The heat generated in friction is dissipated in the cooling 
water and radiation. 


AGA Gas Engine Handbo>k. 





METHODS OF DETERMINING APPROXIMATE HOURLY FLOW THROUGH AN ORIFICE METER 


(1) Locate differential on left 
margin. 

(2) Trace to right to perpendic- 
ular line representing static 
gauge pressure on bottom 
scale. 

(3) Read extension factor from 
diagonal lines. 

(4) Hourly flow in cu. ft. = ex- 


Example: Assume an _ orifice 


meter with a 2” or. 
fice in a 4” pipe run, 
having a differentia] 
of 40” and a static 
pressure of 200 lbs. 
flange taps being used, 
Extension = 95 
Orifice flow constant 
= 1070 


tension factor X orifice flow 
constants taken from tables 
No. XIV or XV. 


Hourly flow = 95 » 
1070 = 102,000 Cu. 
Ft. 


DIFFERENTIAL—INCHES OF WATER 


T ve * S SKERRSTAsReRsRsseg FRE FSR 
STATIC GAUGE PRESSURE—LBS. PER SQ. IN. 


APPROXIMATE HOURLY ORIFICE FLOW CONSTANTS—FLANGE TAPS 


Based on .65 specific gravity gas at average atmospheric pressure and 
temperature. TABLE XIV 


Orifice 





APPROXIMATE HOURLY ORIFICE FLOW CONSTANTS—PIPE TAPS 


Based on .65 specific gravity gas at average atmospheric pressure and 
temperature. TABLE XV 


Orifice Pipe Sizes 
Diameter 2” Std. 3” Std. 4” Std. 6” Std. 8” Std. 10” Std. 12” Std. Diameter 2” Std. 3” Std. 4” Std. 6” Std. 8” Std. 10” Std. 12” Std. 
Inches (2.067) (3.068) (4.026) (6.065) (8.071) (10.136) (12.090) _Inches (2.067) (3.068) (4.026) (6.065) (8.071) (10.136) (12.090 
25 16 16 16 25 16 16 16 
315 36 36 36 375 37 36 36 
.50 64 64 64 64 .50 67 65 65 64 
.625 101 100 99 99 6: 107 103 101 100 
75 146 144 143 143 a 159 150 147 145 
.875 201 197 196 195 195 d 225 207 202 198 197 
f 267 258 256 255 254 ‘ 309 276 266 257 
345 329 325 323 322 $22 wl 416 357 341 326 
438 409 403 399 398 397 397 a 556 453 428 410 404 
550 499 489 8 482 481 481 ‘ 741 566 526 499 491 
688 600 585 574 573 572 Q 698 637 586 
714 690 78 675 673 672 854 764 708 691 
842 805 38 783 781 780 1040 906 829 805 
986 931 900 898 896 1260 1070 961 929 
1150 1070 1030 1030 1020 1020 1530 1250 1060 
1340 1220 1170 1160 1160 1150 1860 1460 1210 
1550 1380 1320 1300 1300 1290 1690 1369 
1560 - 1470 1450 1450 1440 1960 1530 
1760 1630 1610 1600 1600 1710 
1980 1810 1780 1770 1760 2630 1900 
2220 2000 1960 1940 1940 2100 
2480 2190 2140 2130 2120 2320 
2790 2400 2340 2320 2310 2550 
2620 2540 2520 2510 2790 
2860 2760 2730 2710 3050 
3100 2989 2940 2930 3330 
3370 3220 3170 3150 3620 
3650 3460 3410 3390 3930 
3950 3720 3650 3630 4260 
4270 3990 3910 3880 4620 
4600 427 4170 4130 4990 
5350 4860 4730 4680 5820 
5220 5520 5330 5260 6760 
6230 5970 5880 7840 
7020 6660 6540 9070 
7880 7400 7240 10500 
8820 8190 7980 12200 
9870 9040 8760 
11000 9960 9600 
Note: The above Flow Constants 10900 10500 
are only approximate values and 12000 11400 
should not be used in Commercial 13100 12400 
Gas Measurement Computations. 14400 13500 
15700 14600 
17200 15800 
17000 
18400 
19800 
21400 
23000 
24800 
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From Report No. 2, Practical Methods Committee, Appalachian Gas Measurement Short Course, School of Mines, West Virginia University, 1940. 
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ifice 
ra FACTORS TO ADJUST ORIFICE METER DELIVERIES FOR 
an SUPERCOMPRESSIBILITY—AVERAGE CONDITIONS 

Ibs., 
used, 





istant 





1.0000 | 1.0001 1.0002 | 1.0003 | 1.0005 1.0006 | 1.0007 1.0008 1.9009 | 1.0010 
95 y 1.0011 | 1.0012 | 1.0014 | 1.0015 | 1.0016 | 1.0017 | L.oO1S | 1.0019 | tooo | 1 an22 

Cu. 1.0023 | 1.0024 1.0025 1.0026 | 1.0027 1.28 1.0029 1.0031 1.0032 1.0033 
1.0034 | 1.0035 | 1.0086 | 1.0037 | 1.0039 1.0040 | 1.0041 1.0042 1.004% 10044 
1.0045 | 1.0047 1.0048 1.0049 1.0050 1.0051 1.0052 1.0053 1.0054 1 0056 


1.0057 1.0058 1.0059 1.0060 1.0061 1.0062 1.0064 1.0065 1.0066 1 0067 
1.0068 1.0069 1.0070 1.8072 1.0073 1.0074 1.0075 1.0076 1.0077 1.0078 
1.0080 1.0081 1.0082 1.0082 1.0084 1.0085 1.0086 1.0088 1.0089 1.0090 
1.0091 1.0092 1.0093 1.9095 1.0096 1.0097 1.0098 1.0099 Loo Lo] 
1.0102 1.0104 1.0105 1.0106 1.0107 1.0108 1.0109 1.0111 10112 | 1.0113 


1.0114 | LOLs | Lore | Lory | 1.0118 | 1.0119 | 1.0121 1.6122 | 10123 | 10124 
1.0125 | 1.0126 | 1.0127 | 1.0128 | 1.0130 | 1.0131 1.0132 | 10133 | Lod | 1.0135 
1.0136 | 1.0137 1.0139 1.0140 | 1.0141 1.0142 1.01438 1.0144 1.0145 1.9146 
1.0148 | 1.0149 | Lote | 101ht 1.0152 1.0153 | 1.0154 ] LO1s6é | 1.0157 1.0158 
1.0159 | 1.0160 | 1.0161 1.0162 | 1.01638 1.0164 | 1.0166 | 1.0167 | 1.0168 | 1.0169 


1.0170 | 1.0171 | 1.0172 | 1.0174 | 1.0175 | 1.0176 | 1.0177 | 1.9178 | 1.0179 | 1.0180 
1.0181 | 1.0182 | 1.0184 | 1.0185 | 1.0186 | 1.0187 | 1.0188 | 10189 | 10190 | 1.0191 
1.0193 | 1.0194 | 1.0195 | 1.0196 | 1.0197 | 1.0198 | 1.0199 | 1.9200 | 10202 | 10203 
1.0204 | 1.0205 | 1.0206 | 1.0207 | 1.0208 | 1.0209 | 1.9210 | 1.0212 | 1.0213 | 1.0214 
1.0215 | 1.0216 | 1.0217 | 1.0218 | 1.0219 | 1.0220 | 1.0222 | 1.0223 | 1.0224 | 10225 


1.0226 | 1.0227 | 1.0228 | 1.0229 | 1.0250 | 1.0232 | 1.0233 | 1.0234 | 1.0235 | 1.0236 
1.0237 | 1.0238 | 1.0239 | 1.0240 | 1.0242 | 1.0243 | 1.0244 | 1.0245 | 1.0246 | 1.0247 
1.0248 | 1.0249 | 1.0251 | 1.0252 | 1.0253 | 1.0254 | 1.0255 | 1.0256 | 1.0257 | 1.9258 
1.0259 | 1.0261 | 1.0262 | 1.0263 | 1.0264 | 1.0265 | 1.0266 | 1.0267 | 19268 | 1.0270 
1.0271 | 1.0272 | 1.0273 | 1.0274 | 1.0275 | 1.0276 | 1.0277 | 1.0279 | 1.0280 | 1.0281 


1.0282 | 1.0283 | 1.0284 | 1.0285 | 1.0286 | 1.0287 | 1.0288 | 1.0290 | 1.0291 | 1.0292 
1.0293 | 1.0294 | 1.0295 | 1.0296 | 1.0297 | 1.0298 | 1.0299 | 1.0300 | 1.0302 | 10203 
1.0304 | 1.0305 | 1.0306 | 1.0307 | 1.0308 | 1.0309 | 1.0310 | 1.0311 | 1.0313 | 1.0314 
1.0315 | 1.0316 | 1.0317 | 1.0318 | 1.0319 | 1.0320 | 1.0321 | 1.0323 | 1.0324 | 1.0325 
1.0326 | 1.0327 | 1.0328 | 1.0329 | 1.0330 | 1.0331 | 1.0332 | 1.0333 | 1.0335 | 1.0336 


1.0337 | 1.0338 | 1.0339 | 1.0340 | 1.0341 | 1.0342 | 1.0343 | 1.0344 | 1.0346 | 1.0347 
1.0348 | 1.0349 | 1.0350 | 1.0351 | 1.0352 | 1.0353 | 1.0354 | 1.0355 | 1.0357 | 1.0358 
1.0359 | 1.0360 | 1.0361 | 1.0362 | 1.0363 | 1.0364 | 1.0365 | 1.0366 | 1.0368 | 1.0369 
1.0370 | 1.0371 | 1.0372 | 1.0373 | 1.0374 | 1.0375 | 1.0376 | 1.0378 | 1.0379 | 1.0380 
1.0381 | 1.0382 | 1.0383 | 1.0384 | 1.0385 | 1.0386 | 1.0387 | 1.0389 | 1.0390 | 1.0391 

















1.0392 | 1.0393 | 1.9394 | 1.0395 | 1.0396 | 1.9397 | 1.0398 | 1.0399 | 1.0401 | 1.0402 
1.0403 | 1.0404 | 1.0495 | 1.0406 | 1.0407 | 1.0408 | 1.9409 | 1.9410 | 1.0412 | 1.0413 
1.0414 | 1.9415 | 1.0416 | 1.0417 | 1.0418 | 1.0419 | 1.9420 | 1.0421 | 1.0423 | 1.0424 
1.9425 | 1.0426 | 1.0427 | 1.0428 | 1.0429 | 1.0430 | 1.0431 | 1.9433 | 1.0434 | 1.0435 
1.0436 | 1.9437 | 1.0438 | 1.0439 | 1.0440 | 1.0441 | 1.0443 | 1.0444 | 1.0445 | 1.0446 


1.0447 | 1.0448 | 1.9449 | 1.9450 | 1.0451 | 1.0452 | 1.0453 | 1.0454 | 1.0455 | 1.0456 
1.0457 | 1.0459 | 1.0460 | 1.0461 | 1.0462 | 1.0463 | 1.0464 | 1.0465 | 1.0466 | 1.0467 
1.0468 | 1.0469 | 1.9470 | 1.0471 | 1.0472 | 1.0474 | 1.0475 | 1.0476 | 1.0477 | 1.0478 
1.9479 | 1.0480 | 1.0481 | 1.9482 | 1.0483 | 1.0484 | 1.0486 | 1.0487 | 1.0488 | 1.0489 
1.9490 | 1.0491 | 1.0492 | 1.0493 | 1.0494 |] 1.0495 | 1.0496 | 1.0498 | 1.0499 | 1.0500 


1.0591 | 1.9502 | 1.0503 | 1.0504 | 1.0505 | 1.0506 | 1.0507 | 1.0509 | 1.0510 | 1.0511 
1.0512 | 1.0513 | 1.9514 | 1.0515 | 1.0516 | 1.9517 | 1.0518 | 1.0520 | 1.0521 | 1.0522 
1.523 | 1.524 | 1.0525 | 1.9526 | 1.0527 | 1.0528 | 1.0529 | 1.0530 | 1.0532 | 1.0533 
1.0534 | 1.0535 | 1.0536 | 1.0537 | 1.0538 | 1.0539 | 1.0540 | 1.0542 | 1.0543 | 1.0544 


1.9545 | 1.0546 | 1.0547 | 1.0548 | 1.0549 | 1.0550 | 1.0552 | 1.0553 | 1.0554 | 1.0555 
1.0556 
































Note:—Factors taken from C. N. G. A. Bul. TS-354 based on a gas having a specific gravity of .660 and an 
average flowing temperature of 50° F. CAUTION :—If conditions vary materially from 50° F. and 0.66 specific 
gravity, compute F,, for actual temperature and specific gravity by reference to Bulletin T. S. 402 of 
C. N. G. A.—as an example: F,y, of 1.050 from above table may be in error by 0.01, or more, if temperature is 
outside range of 25° F. to 85° F. or if specific gravity is outside range of 0.605 to 0.705. 


From Report No. 4, Practical Methods Committee, Appalachian Gas Measurement Short Course, School of 
Mines, West Virginia University, 1950. 
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MONTHLY AVERAGE FLOWING GAS 
TEMPERATURES FOR APPALACHIAN AREA 


Closing fonthly Average Flowing ‘as Temperatures 
Date June | July | Aur. | Sept. 
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With permission, Columbia Gas System Inc. 





REFORMED GAS 


THE U.G.1. CYCLIC CATALYTIC REFORMING PROCESS 
12’-0” O.D. TWO SHELL STANDARD UNIT 
Estimated Operating Data 


PART |. PRODUCTION FOR LOW GRAVITY GAS SUBSTITUTE 





FEED MATERIAL FOR HEATING, 
PROCESS AND ENRICHMENT NATURAL GAS | BUTANE 


QUALITY OF GAS 
Btu of feed per cu. ft. 1040 3200 
Specific gravity of feed 0.62 2.02 
Btu of reformed gas 280 287 
Specific gravity of reformed gas 0.48 0.41 
Btu of sendout gas 540 540 
Specific gravity of sendout gas 0.52 0.54 
H, to inerts ratio-sendout gas 2.00 4.47 


PRODUCTION 
Reformed gas—Mcf per day 11,400 8,300 
Sendout gas—Mcf per day 17,300 9,100 


FEED MATERIALS USED PER MCF 
Reformed gas basis: 
Total cu. ft. 
Total gallons x35 
Sendout gas basis: 
Total cu. ft. 564 
Total gallons 5.97 


GAS ANALYSES—% REFORMED SENDOUT REFORMED SENDOUT 
Illuminants — —~ —- 
CO 13.5 8.9 16.0 14.6 
H., 54.3 35.7 64.0 58.5 
CH, , 34.9 n 4.8 
C,H, 0.3 0.2 — 
Hi-paraffins 1.8 — 
co, ; as 5.4 7.0 
0, B. 0.7 0.4 


N, 12.0 7.4 











| 


(Continued on next page) 
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PART li. PRODUCTION FOR MEDIUM GRAVITY GAS SUBSTITUTE 








FEED MATERIAL FOR HEATING, 
PROCESS AND ENRICHMENT 


QUALITY OF GAS” 
Btu of feed per cu. ft. 
Specific gravity of feed 
Btu of reformed gas 
Specific gravity of reformed gas 
Btu of sendout gas 
Specific gravity of sendout gas 
H, to inerts ratio-sendout gas 


PRODUCTION 
Reformed gas—Mcf per day 
Sendout gas—Mcf per day 


FEED MATERIALS USED PER MCF 
Reformed gas basis: 
Total cu. ft. 

Total gallons 
Sendout gas basis: 

Total cu. ft. 
Total gallons 


GAS ANALYSES—% 
Illuminants 
CO 
H, 
CH, 
C,H, 
Hi-paraffins 
Co, 
O, 
Ny 





PART Ill. PRODUCTION 











| 


} 
j 
} 
| 





FEED MATERIAL FOR HEATING, 
PROCESS AND ENRICHMENT 


QUALITY OF GAS 
Btu of feed per cu. ft. 
Specific gravity of feed 
Btu of reformed gas 
Specific gravity cf reformed gas 
Btu of sendout gas 
Specific gravity of sendout gas 
H., to inerts ratio-sendout gas 
PRODUCTION 
Reformed gas—Mcf per day 
Sendout gas—Mcf per day 
FEED MATERIALS USED PER MCF 
Reformed gas basis: 
Total cu. ft. 
Total gallons 





Sendout gas basis: 
Total cu. ft. 
Total gallons 
GAS ANALYSES—% 


Illuminants 
CO 





NATURAL GAS 


1040 
0.62 

239 
0.60 

540 
0.61 
0.96 


15,300 
24,500 


550 


REFORMED 


11.2 
40.3 
2 
0.4 


6.4 
0.4 
33.4 


SENDOUT 


BUTANE 





3200 
2.00 
259 
0.48 
540 
0.63 
2.52 


9,300 
10,300 


5.92 
SENDOUT 


14.4 13.0 

57.6 52.1 
4.7 4.3 
— 9.6 
7.7 

0.4 

15.2 


REFORMED 


FOR HIGH GRAVITY GAS SUBSTITUTE 





NATURAL GAS 


1040 
0.62 

186 
0.69 

540 
0.67 
0.63 


19,000 
32,500 


REFORMED 


8.8 
32.8 
8.6 
0.4 
6.4 
0.4 
42.6 


With permission, United Engineers & Construc‘ors, Inc. 
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SENDOUT 


BUTANE 


3200 
2.00 
236 
0.51 
540 
0.66 
1.98 


9,800 
11,000 


5.94 
REFORMED SENDOUT 


12.2 
48.7 
4.0 














GAS ODORANT CHARACTERISTICS 


Information furnished by manufacturers 





ODORANT 
CHARACTER.ST:C 


NATURAL GAS 
ODORIZING CO., INC. 


Spotleak 


Captan No. 1008 


Spotleak 
No. 1009 


No. 86 


Pen‘alarm 
No. 1004 





Specific gravity 


Molecular wt., av. of mercap!ans 
present 


Weight/gal., Ibs. 


Viscosity, centistokes—at 60° F 
—oat77 F 


Reid vapor press., at 100° F, psi 


Distillation 


— °F, 2% 
— °F, 95% 


Volatility, Ibs/MMcf 


—40% 
—80% 


Freezing point, °F 

Flash point, open cup, °F 
Mercaptan cont., % by wt. 
Mercaptan sulfur cont., % by vol. 


Toxicity at normal concentration 


Solubility in water, % mercap. sulf. 


content in sat. sol. at 77° F 


Recommended odor.-rate, Ibs/MMcf 


Sulfur contribution at rec. rate, 
grains/100 cf 


0.835 


7.0 
0.548 


5.0 
Start 125° F 


95% 265° F 
End 340° F 


70 psi 700 psi 


2,400 240 
6,800 680 


<—50 
<0 
94 
33 
negligible 


0.060 


0.25-1.00 0.25-1.00 


0.058-0.232 


0.81 


88 
6.7 


49 


120 
180 


70 psi 700 psi 


3,800 380 
11,000 1,100 


<—50 
<0 
94 
35 


negligible 


0.040 
0.25-0.75 


0.06-0.183 


0.84 


104 
7.0 


0.69 
1.5 


221 
266 


500 
1,760 176 


<—50 
50 
90 
28 


negligible 


0.010 
0.50-1.50 


0.098-0.294 


0.84 


88 
7.0 


8.8 


122 
240 


70 psi 700 psi 


520 52 
1,880 188 


<—50 
<0 
94 
34 


negligible 


0.015 
0.50-1.25 


0.120-0.300 








ODORANT 
CHARACTERISTIC 


ORONITE CHEMICAL COMPANY 





Calodorant — 


Calodorant 


Calodorant 
“C” Special 





Specific gravity 
Molecular weight 


Weight/gal., Ibs. 


0.78 1.0 
a 88 
6.5 


Viscosity, centistokes, 77 F 
32° F 
— OF 


Reid vapor press., at 100° F, psi 


Distillation (ASTM D-86) 


50% recovered 
70% recovered 
90% recovered 
End point 
Recovered 


Flash point 


Freezing point 


Solubility in water, % by vol. 


Sulfur contribution, grains/ 100 cf 


at 2 gals/MMcf 
at % Ib/MMcf 


0.878 
104 

7.31 

0.82 
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ANALYSES OF COAL TYPES FREQUENTLY USED IN, OR SUITABLE FOR 
BY-PRODUCT COKE OVENS’ 





Proximate analysis Ultimate analysis Estimated 
(on coal as received) (on dry coal) coke yield 
Name of coal (total), per 
Volatile] Fixed cent on coal 


Mois ! 0 Ni ; 
loisture seihinh Adedbets A Hydroses| xygen| Sulphur | Nitrogen nes ener 





Pennsylvania: 
Connellsville? . wy .40 
Lower Connellsville , .00 
Westmoreland .00 
Pitteburgh? .03 

. 66 

- ae 
Clearfield—Cambria (Lower Kittann-} .00 

ing)? 

West Virginia: 





67 

20 
.36 
4 
34 
15 
.60 


14,230 
14,100 
14,320 
14,230 
14,180 
14,075 
14,800 


888885 


PN AAAAS 
BRa2kses®’ 
monn ono 
SZSssss 
SSeESBR 
ek SsSs- 
eooeooo 
© tO & & ww 


°ee4sasss 
—-OoOoo~ 1 @ 


.96 
.70 
52 
51 
.60 
51 
.40 


14,840 
14.600 
14,500 
14,130 
15,020 
15,220 
14,020 


- 


~oonmoo°o 
a3 @ ~ 

SFPSSHS 
NNN eSWw Ww 


Tasewell Co. (Seaboard)? .13 
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13,200 


12.31 .05 | 46.54 -10 | 76. 13,530 


4.29 | 36.51 | 52.03 -17 | 77. 13,670 


4.06 | 37.90 | 49.89 | 8.06 | 74. 5.43 13,380 . 3,200 


¢e6e83 


3.77 | 37.60 | 47.05 (11.49 | 72. 5.36 13,262 ‘ 3.100 









































Most of these analyses except where noted are of face samples taken in the mine; usually car deliveries to to the consumer run 2% to 3% higher 
in ash. 

1 Prepared by Dr. H. C. Porter, Consulting Engineer, Philadelphia. 

2Mine sample, analysis by U.S. Bureau of Mines. : 

Car sample, average of 10 cars, analysis by U.S. Bureau of Mines. 


By permission, from “Gas Engineers’ Handbook,” copyright 1934. McGraw-Hill Book Company. 





PRODUCTS OF HI AND LOW TEMPERATURE CARBONIZATION 


Yields of High Terrperature, Low Temperature and Complete Gasification Processes 








Yield 
Yield Light Oil 
Ammonium Benzol Tobol, Yield Yield Yield 
Process Sulphate Xylol Tar Gas Coke 


High Temperature 20-24 Ibs. 3 plus gals. 8-12 gals. 10,000-11,500 1300-1400 Ibs. Per Ton 
Distillation Per Ton Per Ton Per Ton Cu.Ft. Per Ton Suitable for Metallur- 
500-560 Btu Per Cu.Ft. gical Processes and 
Domestic Fuel 


Temperature 16-20 lbs. 3-5 gals. 20-28 gals. 5000-6000 Cu.Ft. 1400 Ibs. plus Per Ton 
tillation Per Ton Per Ton Per Ton Per Ton Domestic Fuel 
500 to 900 Btu Per Cu.Ft. May have to be 
briquetted 





ete 1 gal. plus 25 gals. 100,000 Cu.Ft. plus 
fication Per Ton Per Ton Per Ton None 
Below 200 Btu’s 
Per Cu.Ft. 
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ANALYSES OF SELECTED COALS OF VARIOUS RANKS 


Rank* 





‘As received”’ basis 





Proximate analysis, % 


Ultimate analysis, % 





Volatile 


Moisture matter 


Fixed 
carbon 


Hydro- itro- 
Ash Carbon gen Oxygen Sulfur gen 





Anthracitic: 
Meta-anthracite 
Anthracite 
Anthracite 
Semianthracite 

Bituminous: 
Low-volatile 
Medium-volatile 
High-volatile A 
High-volatile A 
High-volatile B 
High-volatile B 
High-volatile C 
High-volatile C 

Subbituminous: 
Subbituminous A or high- 

volatile bituminous C 
Subbituminous B 
Subbituminous C 

Lignitic: 

ignite 


Rhode Island 
Pennsylvania 
Pennsylvania 
Virginia 


Uncorrelated 
Mammoth 
Big Lykens 
Merrimac 


West Virginia 
West Virginia 
Pennsylvania 
Kentucky 
Ohio 
Kentucky 
Illinois 
Indiana 


ewe 
Pittsburgh 
Elkhorn 


No. 6 
No.2 
No.6 


Uncorrelated 
Monarch 
Uncorrelated 


Wyoming 
Wyoming 
Wyoming 


North Dakota 


Beulah 





*According to A.S.T.M. method of classification. 


Pocahontas No. 3 


Middle Kittanning 
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By permission, from “Chemical Engineers’ Handbook.” Copyright 1950. McGraw-Hill Book Company. 


CLASSIFICATION OF FUELS 








Primary Fuels 


Secondary Fuels 





General 
Division 


“Solid 


Natural 
Anthracite coal 
Bituminous coal 
Lignite 
Peat 
Wood 





Manufactured 


“Semi-coke (low temperature 


coal distillate) 
Coke 
Charcoal 

{Coal slack and 

| Lignite 
Briquettes { Peat 

|\Sawdust 


By-Product 





culm 


Petroleum residue 


Pulverized coal 


Charcoal—low temperature 
distillation of wood 
Wood refuse—shavings, trimmings, tan 
bark, sawdust, etc. 
Bagasse—refuse sugar cane 
Anthracite culm—silt refuse of 
anthracite screening 
{By-product coke— 
} screenings 
Coke Breeze 
| Petroleum coke— 
| petroleum residue 
Corn 
Waste Materials | Barley 
from Grain Wheat 
Buckwheat 
Sorghum 





| Petroleum 
| 


Liquid 


| 
| 
| 


Gasoline 
Kerosene 
Alcohol 
Colloidal fuels 

{ Residual oils 
Fuel oil; Distillate oils 

|Crude petroleum 
Naphtha 

{Palm 


Vegetable oils; Cotteuseed 


Tar 
Coal dic-| Nephthalene coke manu- 
tillates | Pitch facture 
(Benzol 
Acid sludge—petroleum refining residue 


Sulphite waste liquor—pulp mill 
waste 





Gaseous | Natural Gas 





Producer gas 

Water gas 
Carburetted water gas 
Coal gas 

Oil gas 

Reformed natural gas 
Butane) 

Propane‘*) 

Acetvlene 

Hydrogen 





Blast furnace gas—pig iron 
manufacture 

Coke-oven gas‘>)—coke manufacture 

Oil refinery gas 

Sewage gas—sewage sludge 





With permission, ‘‘The Making, Shaping and Treating of Steel.’ Copyright 1951, United States Steel Co. 
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3ULK DENSITY OF COAL AND COKE 


(Spiers, Technical Data on Fuel) 


Fuel Bulk Density (Pounds per cu. ft.) 

Anthracite 55—60 
Bituminous Coal 50—55 
Steam Coal 50—55 

%—1%% In. Rough 
Coke oven coke 26—30 29—32 
Horizontal coke 23—26 25—28 
Vertical coke 21—22 23 
Low temperature coke 19 20 








‘Data refer to fuel broken ready for use and of normal ash and moisture 
content. 


OPERATING RESULTS, BY-PRODUCT COKE 
OVENS' 





| Philadelphia 





Coal used, per cent volatile matter (ash- and moisture- 


w 


asda 


0.1 

17.9 
16.46 
174 

74.0 
5.36 
577 
3,003 
215 
200 


Coal charge, tons.......... ...-. 

Coking time (average), hr (gross) 

Width of ovens (average), in. 

Coke yield, per cent dry ; 

Gas, cu ft per Ib dry coal........... . 
et eee 

Gas, Btu per Ib dry coal 

Producer fuel, dry, per ton coal, Ib. . 

Producer fuel, combustible, per ton coal, Ib... . 
Producer fuel used, cu ft per Ib coal (at 130 Btu). 
Yield tar, gal per ton . 

Yield sulphate, Ib per ton 


: ce) 
RK Feo 





wo 
> 
2 @ 


3 & 





© 
no 
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Ou Wie Oe 


to 
- 


7.6 
8.16 
20 » 
(Diluted with 
11% producer 
gas) 
Gas analysis: 
CO,, per cent. 
Ill, per cent. 
Os, per cent... 
CO, per cent 
CH,g, per cent 
H;, per cent i 
Ny, per cent.......... 


3 
0 
8 


8. 
4 
1 


> 0 
DOAN AO * to 
- ae OO @O Ww 


0. 


100.0 100.0 











Data assembled by H. C. Porter, Philadelphia. ; 

1 Actual plant data submitted by The Koppers Company, Pittsburgh, Pa., 
for two plants, Utica, N. Y. (consisting of 21 small-size ovens built in 
1924), and Philadelphia, Pa. (consisting of 74 large-size ovens built in 
1928), both plants being Becker type Koppers ovens, fired by producer gas. 
The Utica results are taken from the official report of A. G. A. Carboniza- 
tion Plant Tests made in 1925 for comparison of different types of plant, 
operating on the same coal. The Utica ovens were the first of their size 
and type to he built and on that account were not operating at the time 
to best advantage. The Utica results cover a period of 21 days. The 
Philadelphia results are averages for a five-month period. : : 

* At Utica, 100 per cent volatile Pittsburgh coal; at Pl iladelphia a mix- 

veraging 76 per cent Powellton (W. Va.) and 24 per cent Pocahontas. 


ermission, from “Gas Engineers’ Handbook.” Copyright 1934. McGraw- 


ook Company. 
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CALCULATING HEATING VALUE OF 
COAL FROM ANALYSIS 


_By far the most satisfactory way of determining 
the heating value of a coal is by the bomb calori- 
meter. Where only the analysis is available the fol- 
lowing computations of the approximate heating 
val= of the coal may be made. 


Ultimate Analysis: oO 
B.t.u. per Ib. = 146 C + 620 (H — —) + 4058 
8 


where 


C = per cent of carbon. 
H = per cent of hydrogen. 
O = per cent of oxygen. 
S = per cent of sulphur. 


With bituminous and anthracite coals the calcu- 
lated values will usually be within 144 per cent of 
the observed value. The higher the percentage of 
oxygen the greater is the error apt to be. 


Proximate Analysis: 
B.t.u. per Ib. = (C X ¢c + V X v)—(16 M + 30 
A + 39 S) where 


C = per cent of fixed carbon. 
V = per cent of volatile combustible. 
M = per cent of moisture. 
A = per cent of ash. 
S = per cent of sulphur. 
c—see Table I. 
v—see Table II. 
Table I 
Values of c. 
For Anthracite Coal 
For Bituminous Coal 
For Lignite 
‘For Coke 
Table II 


Values of v. 
Per Cent Per Cent 
Vol. Comb. “sF Vol. Comb. 


240.5 27 
236.4 28 
2325 
228.8 
225.3 


221.9 
218.6 
215.4 
212.3 
210.3 


208.3 
205.4 
204.6 
202.7 
200.9 


199.2 
197.5 
195.7 
194.0 
192.3 


190.6 
188.9 
187.2 
185.5 
183.8 
182.1 
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H. H. Clark—American Gas Light Journal. 











PURIFICATION 


Purifier Reactions 


(1) Fe.0; + H:O0 + 3HS = FeS; + 4H.0. 
(2) Fe.0O;*H.O + 3H.S = 2FeS + S + 4H.0. 


Revivification of fouled oxide: 


(3) 2Fe.S; + 30. + 2H:0 = 2Fe.0;*H:0O + 6S. 
(4) 4FeS + 30. + 2H.O = 2Fe.0; + H.0 + 4S. 


Purifier reaction (1) is the desirable one in gas purification. It 
occurs under alkaline conditions. The ferric sulphide (Fe.S;) is 
readily converted back to the hydrate oxide with oxygen in the 
presence of suitable amounts of moisture according to reaction 
(3). 

Purification reaction (2) takes place under neutral or slightly 
acid conditions. The ferrous sulphide (FeS) may also be oxidized 
to hydrated ferric oxide according to the equation (4). The for- 
mation of ferrous sulphide is undesirable because at slightly ele- 
vated temperatures, caused by the heat given off in the reaction 
between oxide and H.S, the ferrous sulphide combines with free 
sulphur forming iron disulphide. FeS, as follows: 


(5) FeS a S = FeS; 


FeS; is inert and is not reoxidized to hydrated oxide. At 100° F. 
ferrous sulphide is oxidized to ferrous sulphate: 


(6) FeS + 20, = FeSO, 


Ferrous sulphate in the presence of water reacts acid. To correct 
this condition some manufacturers of purification material request 
that the plants submit a gallon sample of the fouled oxide for 
a complete analysis immediately after it has been discharged from 
the box. If the oxide is found to be sour, in other words less than 
a pH of 7, it is recommended that slacked lime be forked into 
the material before recharging it into the box. Also from the 
contaminate content of the oxide it can be determined whether 
naphthalene, cyanogen, light oils and tars are being properly re- 
moved by the gas cleaning equipment. Finally, the amount of 
combined sulphur present in the sample indicates whether suffi- 
cient air is being added to the gas for revivification in situ. 


Types of “Oxide” 


There are three types of oxide used for gas purification. They 
are Natural Iron Ores, Rusted Cast Iron Borings and Precipitated 
Oxides. 

Capacity of Purifiers 

The primary factors in purifier capacity are: time of contact 
and the amount of H.S in the unpurified gas. 

There are several rules or formulas for calculating purifying 
capacity. Some specify so many square feet of cross sectional 
area per unit volume of gas passed in a given time, others include 
the depth of oxide. A formula which allows for the several fac- 
tors is the Semet-Solvay Formula, shown here. 

Less complicated rules are those given by E. L. Sweeney, G. E. 
Seil and T. P. Keller. 

Sweeney recommends a purifier capacity of 5,000 bushels of 
active oxide, or 6,000 bushels of normal oxide per million cu. ft. 
of maximum day output. 

Seil says that it is customary to figure on 5 bushels of oxide 
sponge per 1000 cu. ft. of gas per day, which is substantially the 
same as Sweeney’s recommendation. 

Keller suggests purifier capacity based on 30 cu. ft. of gas per 
hour per bushel of oxide in each box, and recommends no less 
than a 4 box series in any plant operating continuously. However, 
in a plant where the gas temperature moisture, cleaning and other 
conditions are favorable, the quantity of gas handled may be as 
high as 100 cu. ft. per hour per bushel per box. 
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Miscellaneous Notes 


Clean gas and clean oxide are essential to efficient purification, 

Selection of oxide is largely a local matter, as there are many 
suitable oxides from which one may choose. The main consider- 
ations are: 

1. The material should contain no metallic iron or steel and 
the mass should be easily permeable to the gas. 

2. The concentration of iron oxide may vary from 5 pounds 
to 15 pounds Fe.O; per bushel, depending upon local conditions. 

3. Care should be taken that the oxide does not take fire or 
be violently heated. 

4. Do not allow oxide to dry out while lying around or in the 
boxes. Once it becomes too dry, it is difficult to get the material 
to absorb the proper amount of moisture. 

The activity of oxide increases with an increase in temperature. 
A temperature range of from 92° to 100° F. is very satisfactory, 
For proper removal of tar and oils it is advantageous to cool the 
gas to 60° F. or lower. If the gas reaches the purifiers at a tem- 
perature of 60° F. or lower, the temperature can be easily raised 
to 92° F. or 100° F. by introducing steam into the gas at the inlet 
to the purifiers. This will saturate the gas at the higher tempera- 
tures and prevent drying the oxide. At a temperature of 60° F. 
most oxides are quite active and if the oxide is clean it will ulti- 
mately remove more sulphur even at 40° or 50° F. than material 
saturated with tar. 

When oxide throws excessive back pressure, one remedy is to 
take off the cover of the box and remove the impervious crust. 
This can only be accomplished when the gas flow is in at the top 
and out at the bottom, and is one reason why it is distinctly ad- 
vantageous to have one directional gas flow. Likewise in down 





SEMET-SOLVAY ENGINEERING CORPORATION GAS PURIFIER FORMULA 
BASED ON ORIGINAL STEERE ENGINEERING COMPANY FORMULA 
2A = Gxs_. 
3,000 x (D + C) 


__ 3,000 X (D+C) XA 
Lg S 


Where G = maximum quantity of gas in cubic feet (corrected 
to 60° F.) to be purified per hour. 


S = factor for grains of hydrogen sulphide (H.S) per 100 
cu. ft. of unpurified gas, as given in the table below. 

D = % the total depth in feet of oxide through which the 
gas passes consecutively in the purifier set, and is ab- 
tained by multiplying the depth of such oxide per box 
by the number of boxes in series in the set. Where a 
single “catch box” is used for two or more sets, dis- 
regard the catch box in obtaining factor “D.” 

A=cross sectional area in square feet of the oxide 
through which the gas passes on its way through any 
one box, in series of a set. 

C = factor, 4 for two-box, 8 for three-box, and 10 for 
four-box series, respectively. Where a single catch 
box is used for two two-box sets, use factor C = 6. 

3,000 = assembling constant. 





G 





Factor corresponding to the value of S expressed in grains H.S per 
100 cu. ft. unpurified gas is: 


Grains Factor 
1,000 or more 720 
900 700 
800 675 
700 640 
600 600 
500 560 
400 525 
300 500 
200 or less 480 


— 
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flo. boxes any deposition of moisture is more evenly distributed 
wh-n the moisture is draining from the box in the direction of 
the zas flow and not counter current to it. Where an impervious 
layer cannot be partially removed, it is necessary to dump the 
entire box. 

yst oxide manufacturers will furnish oxide of various degrees 
of coarseness dependent upon whether the local plant condition 
necessitates special material due to dry gases or to tar contam- 
inated gas. 

When new or comparatively new oxide is removed from the 
box, it must never be left in piles, but should be spread out in a 
layer from 12” to not over 18” deep; otherwise it may take fire. 
The purifier should be completely emptied and no oxide left in 
it over night. 

The alkalinity of oxide is important for efficient purification. 
New material should be sufficiently alkaline to show a pH value 
of from 8 to 11 when put in the boxes. A pH value of 7 or more 
should be maintained during the total life of the material. If the 
alkalinity goes below 7, sulphur and iron will combine to form a 
compound that will not revive. Alkalinity can be maintained by 
adding 4 to 6 grains of ammonia per thousand cubic feet in car- 
buretted water gas or 10 grains per thousand cubic feet of coke 
oven gas where cyanogen compounds do not exceed 40 grains 
per hundred cubic feet. Under certain conditions oxide manu- 
facturers will recommend the addition of a wetting agent and 
sufficient alkali by means of a spray in the box in order to main- 
tain an alkaline pH throughout the life of the oxide. 

There are numerous inexpensive pH sets on the market so that 
the smallest gas plant can purchase one for not only the control 
of their purifying boxes, but also for their boiler water deter- 
minations. 

E. L. Sweeney (A.G.A. Production Conference 1939, published 
in American Gas Journai 1939) gives the following additional 
notes on dry box purification. 

“For economical operation a capacity of 5000 bushels of active 
oxide; or 6000 bushels of normal oxide, per million cubic feet 
of maximum day output is satisfactory. 

“A flow of gas equivalent to 30-50 cu. ft. per hour per bushel 
of oxide in the first box is desirable. The rate of flow should be 
as high as possible. It depends upon the kind of oxide used and 
the concentration of H.S. If the material is of normal activity, a 


Oc >ber 1, 1953, American Gas Journal 


rate as high as 50 cu. ft. per hour per bushel of oxide in the first 
box can be used. A rate below 30 cu. ft. will, in most cases, 
eventually result in traces of H.S passing the system. This phe- 
nomenon is more than likely due to the thickness of the water and 
gas film on the surface of the oxide particles which is affected by 
the velocity of the gas. The diffusion rate of H.S through this 
film is the controlling factor. 

“A mixture of approximately 2 volumes of carrier to 1 volume 
of ore produces a satisfactory surface area. 

“The concentration of oxygen in the outlet gas should be 0.5%- 
1.0%. 

“The activity of an oxide increases with increase of temperature, 
and a range between 90°-110° F. controlled with exhaust or live 
steam injected into the inlet gas main has been found satisfactory. 

“A rise in temperature through the system usually indicates 
either excess oxygen, or a deficiency in moisture, sometimes both. 
This condition will cause the oxide to become caked, dry and in- 
active, except in a few instances where the gas entering is saturated 
and the interval of time between dumping is comparatively short.” 


LEAD ACETATE TEST FOR HYDROGEN SULPHIDE 


The gas shall be considered free from hydrogen sulphide (H.S) 
if a strip of white paper, moistened with a solution containing 5 
per cent by weight of lead acetate, is not distinctly darker than 
a second paper freshly moistened with the same solution, after 
the first paper has been exposed to the gas for 1 minute in an 
apparatus of approved form, through which the gas is flowing 
at the rate of approximately 5 cu. ft. per hour, the gas not im- 
pinging directly from a jet upon the test paper. 


Bureau of Standards, Circ. 32. 


SENSITIVE BASIC ACETATE 


50 grams of lead acetate per liter made basic with NaOH until 
the precipitate first formed is dissolved. This solution stains light 
brown at a concentration of less than 0.04 grains of H.S per 100 
cu. ft. It is about 10 times as sensitive as the standard lead acetate 
paper tests. 


E. L. Sweeney. 





AVERAGE PROPERTIES OF LIQUEFIED PETROLEUM GAS PRODUCTS 


Commercial Industiial Commercig| 
Propane Propane Butone 














Vapor Pressure Lbs./Sq. In. Gauge 
at 70° F. 
at 100° F. 
at 105° F. 
ot 130° F. 





124 
192 
206 
286 


122 31 
190 59 
204 65 
282 97 





Specific Gravity of Liquid (¢0°/€0° F.) 
Initial Boiling Point at 14.7 Lbs./Sq. In. Abs., °F. 
Weight per Gallon of Liquid at 60° F., Lbs. 


Dew Point at 14.7 Lbs./Sq. In. Abs., °F. 
Specific Heat of Liquid, BtusLb./~F. at 60° F. 
Cu. Ft. of Gas at 60° F., 30° Hg. Per Gallon of Liquid at €0° F. 





0.509 
—51 
4.24 


0.511 0.582 
—51 15 
4.26 4.84 





—45 
0.588 
36.28 


—45 24 
0.587 0.549 
36.18 31.46 





Specific Volume of Gas, Cu. Ft./Lb. at €0° F., 30” Hg. 
Specific Heat of Gas, Btu/Lb./°F. at €0° F. (Cp) 
Specific Giavi y ot Gas (Air = 1) at <0” F., 30° Hg. 





8.55 
0.404 
1.52 


8.50 6.50 
0.401 0.382 
1.53 2.01 





Ignition Temperature in Air, °F. 
Maximum Flame Temperature in Air, °F. 
Percent Gas in Air for Maximum Flame Temperature,-% 





920-1020 
3595 
4.2-4.5 


920-1020 900-1000 
3600 3615 
4.2-4.4 3.3-3.4 





Maximum Rate of Flame Propagatisn in 25 mm. Tube: 
Cms. Per Second 
Inches Per Second 





84.9 
33.4 


85.9 87.1 
33.8 34.3 





Limits of Inflammaticity in Air, Gas Per Cent in Gas-Air Mixture: 
At Lower Limit, % 
At Maximum Rate of Flame Propagation, % 
At Upper Limit, % 





2.4 
4.7-5.0 
9.6 


2.4 
47-49 
9.6 





Required for Complete Combustion: 
Cu. Ft. O-/Cu. Ft. Gas 
Cu. Ft. Air/Cu. Ft. Gas 
Lbs. Oz; Lb. Gas 
Lbs. Air/Lb. Gas 





49 
23.4 
3.60 


49 
23.4 
3.59 








Products of Complete Combustion: 
Cu. Ft. CO2/Cu. Ft. Gas 
Cu. Ft. H-O/Cu. Ft. Gas 
Cu. Ft. N2/Cu. Ft. Gas 
Lbs. CO:/Lb. Gas 
Lbs. HzO /Lb. Gas 
Lbs. N:/Lb. Gas 
Ultimate COz, % by Volume 





Latent Heat of Vaporization at Boiling Point: 
Btu per Pound 
Btu per Gallon 








Total Heating Values (After Vaporization): 
Btu per Cubic Foot 
Btu per Pound 
Btu per Galion 





Phillips Petroleum Company, with permission. 
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SPECIFICATIONS AND TEST METHODS NGAA LIQUEFIED PETROLEUM GAS 


The following specifications and test methods for liquefied 
petroleum gases were adopted as Tentative Standards by the Nat- 


ercial ural Gasoline Association of America, effective September 1, 


one 


31 
59 


1940: 


Commercial Propane 


DEFINITION. Commercial Propane shall be a hydrocarbon 
product composed predominantly of propane and/or propylene 
and shall be free from harmful quantities of deleterious sub- 
stances. 


COMPOSITION. The composition of Commercial Propane shall 
be at least 95 per cent propane and/or propylene by liquid volume 
as determined by the combined results of the Vapor Pressure and 
Mercury Freezing Tests. 


MERCURY FREEZING TEST. The residue as determined by 
means of the Mercury Freezing Test shall not be more than two 
per cent by volume. 


Vapor PRESSURE. The vapor pressure at 105° F., as deter- 
mined by the Liquefied Petroleum Gas Vapor Pressure Method 
shall not be in excess of 225 pounds per square inch gage pressure. 


SULPHUR CONTENT. The product shall be free of hydrogen 
sulphide and shall not contain mercaptans, or sulphur compounds, 
of corrosive nature. The unstenched product shall not contain 
total sulphur in excess of fifteen (15) grains per hundred (100) 
cubic feet of vapor as determined by the test for Total Sulphur 
in Liquefied Petroleum Gases. 


WATER CONTENT. The product shall satisfactorily pass the 
standard Cobalt Bromide Test. 


OporIzATION. A sufficient quantity of an odorizing agent of 
such character as to indicate positively the presence of gas down 
to concentrations in air of not over one-fifth the lower limit of 
flammability by a distinctive odor shall be added by the manu- 
facturer; provided, however, that odorization is not required if 
harmful in the use or further processing of the liquefied petroleum 
gas, or if odorization will serve no useful purpose as a warning 
agent in such use or further processing. 
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Commercial Butane 


DEFINITION. Commercial butane shall be a hydrocarbon prod- 
uct composed predominantly of butanes and/or butylenes and 
shall be free from harmful quantities of deleterious substances. 


VaPoR PRESSURE. The vapor pressure at 105° F. as deter- 
mined by the Liquefied Petroleum Gas Vapor Pressure Method, 
shall not be in excess of 75 pounds per square inch by gage pres- 
sure. 


95 PER CENT BOILING Point. The quantity evaporated at a 
temperature of 34° F., corrected to a barometric pressure of 740 
mm. Hg., shall be 95% or more by volume, as determined by the 
Open Cylinder Weathering Test. 


SULPHUR CONTENT. Same as for Commercial Propane. 


WATER CONTENT. The product shall be free of mechanically 
entrained water. 


ODORIZATION. Same as for Commercial Propane. 


Butane-Propane Mixtures 


DEFINITION. Butane-Propane mixtures shall be hydrocarbon 
products composed predominantly of mixtures of butanes and/or 
butylenes with propane and/or propylene and shall be free from 
harmful quantities of deleterious substances. 


VAPOR PRESSURE. Same as for Commercial Propane. 


PRODUCT DESIGNATION. Butane-Propane mixtures shall be des- 
ignated by the vapor pressure at 100° F. in pounds per square 
inch gage. To comply with the designation the vapor pressure of 
mixtures shall be within +0 Ibs. —5 Ibs. of the vapor pressure 
specified. For example, a product specified as 95 Ibs. LP-G shall 
have a vapor pressure of at least 90 Ibs. but not exceeding 95 Ibs. 


95 Per CENT BOILING Point. Same as for Commercial Butane. 
SULPHUR CONTENT. Same as for Commercial Propane. 
WATER CONTENT. Same as for Commercial Butane. 


ODORIZATION. Same as for Commercial Propane. 
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VAPOR PRESSURES OF PROPANE, BUTANE AND ISOBUTANE 


PROPANE bUTANE ISOBUTANE 
PRESSURE—LBS. PER SQ. IN. Temp. 


Absolute Gauge ~ Absolute Gauge Absolute Gauge Deg. F. 


6.37 *17.0 —75 
7.37 *149 —70 
8.48 *12.7 —65 
9.72 *10.1 —60 
11.1 * 7.3 —55 


12.6 * 43 —50 
14.4 * 0.6 —45 
16.2 1.5 4 
18.1 3.4 —35 
20.3 5.6 —30 


22.7 8.0 —25 
25.4 10.7 —20 
28.3 13.6 . —15 
314 16.7 —10 
—5 34.7 20.0 —5 


0 38.2 23.5 7.3 *15.0 0 
5 41.9 27.2 8.2 1352 5 
10 46.0 31.3 9.2 *11.1 10 
15 50.6 35.9 10.4 * 88 d 15 
20 55.5 40.8 11.6 * 63 : 20 


25 60.9 46.2 13.0 * 3.6 25 
30 66.3 51.6 14.4 * 0.6 30 
35 72.0 57.3 16.0 1.3 35 
40 78.0 63.3 17.7 3.0 40 
45 84.6 69.9 19.6 4.9 ; 45 


50 918 77.1 21.6 6.9 50 
55 99.3 84.6 23.8 9.1 55 
60 107.1 92.4 26.3 11.6 60 
65 115.4 100.7 28.9 14.2 65 
70 124.0 109.3 31.6 16.9 70 


75 133.2 118.5 34.5 19.8. 75 
80 142.8 128.1 37.6 22.9 80 
85 153.1 138.4 40.9 26.2 85 
90 164.0 149.0 44.5 29.8 90 
95 175.0 160.0 48.2 33.5 , 95 


100 187.0 172.0 52.2 37.5 100 
105 200.0 185.0 56.4 41.7 
110 212.0 197.0 60.8 46.1 
115 226.0 211.0 65.6 50.9 
120 240.0 225.0 70.8 56.1 


125 254.0 239.0 76.0 61.3 
130 272.0 257.3 81.4 66.7 
135 288.0 273.3 87.0 72.3 
140 305.0 290.3 92.6 77.9 
145 100.0 85.3 


150 108.0 93.7 
155 115.0 100.3 
160 122.0 107.3 
165 130.0 115.3 
170 140.0 125.3 


175 150.0 135.3 
180 160.0 145.3 











* Inches of mercury below one standard atmosphere (29.92 in.). 


Dana, Jenkins, Burdick and Timm, Refrigerating Engineering, June 1926. 


Natural Gasoline Association of America 
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VAPORIZATION OF LIQUID IN PROPANE TANKS 


Many times the question arises, espe- 
cially on peak shaving installations using 
propane: Is it necessary to turn on the 
vanorizers? 

For comparatively short-time peak 
shaving it is possiv.e to obtain sufficient 
vapor from the storage tank itself with- 
out passing liquid propane through the 
vaporizer. 

It is a well-known fact that the vapor 
pressure of a gas bears a direct rela- 
tionship to the temperature and that the 
latent heat of vaporization is the amount 
of heat required to convert a liquid to 
a gas (a'so known as boiling point) at 
given pressure and temperature condi- 
tions; and further: 

“The rate of heat transfer has been 
set at 2 Btu per hour per degrees tem- 
perature differential per sq. ft. of tank 
area in contact with the liquid.” 

Knowing these basic gas laws, we can 
evolve a formula to determine the 
amount of liquid propane vaporized in 
a standard storage tank in one hour. 


2 Btu X (T:—T:) X wetted area in sq f* 
LH per gol 

T, = Outside air temperature in degrees F 

T: = Ultimate temperature in degrees F of pro- 
pane liquid at minimum required pressure con- 
dition 

LH: per gal. — Latent Heat of vaporization (in 
Btu’s) to vaporize one gallon of propane at T> 


= Gal/hr 


As an example, let us assume that a 
30,000 (wc) tank is half full of propane 
(wetted area = 1014 sq. ft.) and the out- 
side air temperature is 80° F and the 
required vapor pressure can be as low as 
10 psi gauge. How many gailons per 
hour is available due to the vaporization 
of liquid in storage tank? 

Referring to standard table of thermo- 
dynamic properties of propane; temper- 
ature at 10 psi ga is —-20° F; and the 
latent heat of vaporization is 750 Btu 
per gal. 

From the above formula— 


2 Btu X (80° F—(20°F) )X1014 sq ft _ 


- 271 gal 
750 Btu per gal 


With the above conditions, we there- 
fore can vaporize 27! gallons per hour 
without recourse to a vaporizer. 

If this draw is maintained over a 
long period of time on a humid day, 
the surface of the tank in contact with 
the liquid will become frosted due to the 
refrigeration action of the liquid vapor- 
ized and the effective temperature dif- 
ferential will be substantially reduced. 


Art E. Wastie, chief engineer, H. Emerson 
Thomas and Associates, Westfield, N. J. 
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Vaporization in 30,000 gallon tank, % full—1,365 sq. ft. 


But in this discussion we are consider- 
ing only comparatively short usages so 
as to obtain maximum vaporization. 
Using the basic formula, graphs have 
been plotted which give available gal- 
lons per hour vaporized at various out- 
side temperatures and pressure require- 


ments of vapor and at varying filling 
heights in a 30,000 gallon (wc) tank 
containing commercial grade propan: 

Referring to the graphs it is possib!: 
to decide when the vaporizer equipme: 
will be required to obtain the necessar 
gas load. 


American Gas Journal, October 1, 195 





STORAGE AND HANDLING OF LIQUEFIED PETROLEUM GASES 


General. The term “liquefied petroleum gases” as used in these 
standards shall mean and include any material which is composed 
predominantly of any of the following hydrccarbons, or mixtures 
of them; propane, propylene, butanes (normal butane or iso- 
butane), and butylenes. 

Under moderate pressure the gases liquefy, but upon relief of 
the pressure are readily converted into the gaseous phase. Ad- 
vantage of this characteristic is taken by the industry, and for 
convenience the gases are shipped and stored under pressure as 
liquids. When in the gaseous state, these gases present a hazard 
comparable to any flammab!e natural or manufactured gas, ex- 
cept that being heavier than air, ventilation requires added atten- 
tion. The range of combustibility is considerably narrower than 
that of manufactured gas. 

At atmospheric pressure and below 31° F. butane is a liquid. 
Propane is a liquid at atmospheric pressure at temperatures below 
minus 44° F. and normally does not present a flammable liquid 
hazard. 

Rapid vaporization takes place at temperatures above the boil- 
ing points (butane about 30° F.; propane about minus 44° F.). 
Normal storage of these gases is as a liquid under pressure. 

The following standards, here given in part, are intended to 
apply to the design, construction, location, installation, and opera- 
tion of liquefied petroleum gas systems. These standards do not 
apply to marine terminals, pipe line and similar large volume 
terminals, natural gasoline plants, refineries, tank farms, or to 
chemical and utility gas manufacturing plants where specific ap- 
proval. of construction and installation plans is obtained from 
regulatory bodies having jurisdiction, provided such approval is 
based on substantially equivalent requirements. 


Odorizing Gases. All liquefied petroleum gases shall be ef- 
fectively odorized by an approved agent of such character as to 
indicate postively, by a distinctive odor, the presence of gas down 
to concentration in air of not over one-fifth the lower limit of 
combustibility. 


Note: The lower limits of combustibility of the more com- 
monly used liquefied petroleum gases are: Propane, 2.15 per cent; 
Butane, 1.55 per cent. These figures represent volumetric per- 
centages of gas-air mixtures in each case. 


Location of Containers and Regulating Equipment. Containers 
and first stage regulating equipment shall be located outside of 
buildings other than those especially provided for this purpose. 
Except as herein provided, each individual container shall be lo- 
cated with respect to nearest important building or group of build- 
ings or line of adjoining property which may be built upon in 
accordance with the following table: 


Dist. Bet. 
_ Aboveground 
Containers 
None 
3 feet 
3 feet 
5 feet 


MINIMUM DISTANCE 
Underground Abov eground 
10 feet None 
10 feet 10 feet 
25 feet 25 feet 
50 feet 50 feet 


Water Capacity 
Per ConTAIner 


Less than 125 gallons 
125 to 500 gallons 
501 to 1,200 gallons 
Over 1,200 gallons 


In cases of bulk storage in heavily populated or congested areas, 
the inspection department having jurisdiction shall determine re- 
trictions of individual container capacity, total storage, and dis- 

nce to line of adjoining property which may be built on and other 
sasonable protective methods. 

In industrial installations involving containers of 150,000 gal- 

ns aggregate capacity or more, where serious mutual exposures 

*tween the container and adjacent properties prevail, the enforc- 

g authority having jurisdiction may require fire walls designed 

1d constructed in accordance with good engineering practice. 
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In the case of buildings devoted exclusively to gas manufactur- 
ing and distributing operations the above distances may be reduced 
provided that in no case shall containers of capacity exceeding 500 
gallons be Iccated closer than 10 ft. to such gas manufacturing 
and distributing buildings. 

Readily ignitable material such as weeds and long dry grass 
shall be removed within ten feet of any container. 


Container Valves and Accessories, Filler Pipes and Discharge 
Pipes. All shut-off valves and accessory equipment (liquid or gas) 
shall be approved for use with liquefied petroleum gas, and de- 
signed for not less than the maximum pressure to which they may 
be subjected. Valves which may be sub/ect to container pressure 
shall have a rated working pressure of at least 250 pounds per 
square inch gauge. 

All connections to containers, except safety relief connections 
and gauging devices shall have shut-off valves Iccated as close to 
the container as practicable. 

The filling pipe inlet terminal shall not be located inside a build- 
ing. Such terminals shall be Iccated not less than 10 feet from any 
building and preferably not less than 5 feet from any driveway, 
and shall be Iccated in a protective housing built for the purpose. 

The filling connection shall be fitted with an approved combina- 
tion back-pressure check valve and excess flow valve; a double or 
2 back-pressure check valves; or a positive shut-off valve, in con- 
junction with either an internal back-pressure valve or an internal 
excess flow valve. 

All liquid and vapor connections to containers except filling 
pipes and safety relief connections shall be equipped with ap- 
proved automatic excess flow valves, except that no excess flow 
valve is required in the withdrawal service line, provided that: 


1. The discharge from the service outlet is controlled by a 
suitable manually operated shut-off valve: 


(a) threaded directly into the service outlet of the container, 


(b) or which is an integral part of a substantial fitting 
threaded into or on the service outlet of the container, 


(c) or threaded directly into a substantial fitting threaded 
into or on the service outlet of the container. 


2. The shut-off valve is equipped with an attached handwheel 
or the equivalent. 

3. The controlling orifice between the contents of the container 
and the outlet of the shut-off valves does not exceed 5/16 in. in 
diameter for vapor withdrawal systems and % in. in diameter for 
liquid withdrawal systems. 

4. An approved pressure-reducing regulator is directly attached 
to the outlet of the shut-off valve and is rigidly supported, or that 
an approved pressure-reducing regulator is attached to the outlet 
of the shut-off valve by means of a suitable flexible connection not 
longer than 20 in. and is rigidly supported. 

5. Such systems’ total water capacity does not exceed 1,200 
U. S. gallons. 


All inlet and outlet connections except safety relief valves, 
liquid level gauging devices and pressure gauges on containers of 
1,200 gallons water capacity, or more, and on any container used 
to supply fuel directly to an internal combustion engine, shall be 
labeled to designate whether they communicate with vapor or 
liquid space. Labels may be on valves. 

Excess flow valves where required by these standards shall close 
automatically at those rated flows of vapor or liquid as specified 
by the manufacturer. The connections or line including valves, 
fittings, etc., being protected by an excess flow valve shall have a 
greater capacity than the rated flow of the excess flow valve. 

Liquid level gauging devices which are so constructed that out- 
ward flow of container contents shall not exceed that passed by a 
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No. 54 drill size opening, need not be equipped with excess flow 
valves. 

Openings from tank or through fittings attached directly on 
tank to which pressure gauge connection is made need not be 
equipped with excess flow valve if such openings are protected by 
not larger than No. 54 drill size opening. 

Excess flow and back pressure check valves where required by 
these standards shall be located inside of the container or at a 
point outside where the line enters the container; in the latter 
case, installation shall be made in such manner that any undue 
strain beyond the excess flow or back pressure check valve will 
not cause breakaye between the container and such valve. 

Excess flow vaives may be designed with a by-pass, not to ex- 
ceed a 60 drill size opening to allow equalization of pressures. 


Piping, Tubing, and Fittings. Piping or tubing shall be wrought 
iron, steel, brass or copper pipe: or, except as hereinafter provided, 
seamless copper, brass, steel or other approved gas tubing. All 
piping or tubing shall be suitab!e for a working pressure of not 
less than 125 pounds per square inch. Copper tubing may be of 
the standard grade K or L. Aluminum tubing shall not be used 
in exterior locations or where it passes through masonry or plaster 
walls or insulation. 

Pipe joints may be screwed, flanged, welded, brazed or soldered 
with a solder having a me!ting point cf over 1000° F. Where 
fittings are used they shall have a working pressure of at least 
125 pounds in systems where the operating pressure is 125 pounds 
per square inch or less. Extra heavy fittings shall be used for 
pressure exceeding 125 pounds per square inch or less. Cast iron 
fittings shall be prchibited. Jcints on seamless copper, brass, steel, 
or non-ferrous gas tubing shall be made by means of approved gas 
tubing fittings or soldered with solders having a melting point ex- 
ceeding 1000° F. Valve seat material, packing, gaskets, etc., shall 
be of such quality as to be resistant to the action of liquefied petro- 
leum gas in the liquid phase. 


Hose Specifications. Hose shall be fabricated of materials that 
are resistant to the action of liquefied petroleum gases. 

Hose subject to container pressure shall be designed for a burst- 
ing pressure of not less than five times the pressure for which the 
container was designed. Hose connections when made shall be 
capable of withstanding a test pressure of twice the pressure for 
which the container is designed. 


Filling Densities. The “filling density” is defined as the per cent 
ratio of the weight of the gas in a container to the weight of water 
the container will hold at 60° F. The filling densities for storage 
containers shall not exceed the ratios following: 


MAXIMUM PERMITTED FILLING DENSITY 


Aboveground Con ainers 
0 to 1260 Ga's,* Over 1200 Gals. 
Tota. Water Cap. Total Water Cap. 


.473—.480 38% . 41% 
-481—.488 39 42 
-489—.495 40 43 
-496—.503 41 ad 
-504—.510 42 45 
511—.519 43 46 
-520—.527 oe 

528—.536 

537—.544 

-545—.552 

-553—.560 

.561—.568 

-569—.576 

.577—.584 

-585—.592 

.593—.600 

-601—.608 

-609—.617 

-618—.626 

-627—.634 


Underground 
Containers 
All Capacities 


Specific Gravity 
at 60° 


* Interstate Commerce Commission filling densities effective on the date of 
adoption of this standard. 


Safety Devices. Every container and every vaporizer, whether 
heated by artificial means or not, shall be provided with one cr 
more safety relief valves of spring-loaded or equivalent type 
These valves shall be arranged to afford free vent to the outer air 
with discharge of not less than 5 ft. horizontally away from any 
opening into the building which is below such discharge. The area 
of the discharge shall be sufficient to prevent the building up of 
pressures in excess of 120% of the maximum permitted setting of 
the safety relief valves on the container and in accordance with 
the regulations of the National Board of Fire Underwriters, as con- 
tained in its Pamphlet No. 58. (Revised January, 1947.) 

Container safety relief valves shall be set to start to discharge 
as follows, with relation to the container type: 


Containers Minimum Maximum 
A.S.M.E.-U-68, U-69 100% 125% 
A.S.M.E.-U-200, U-201 100 
A.P.1L.-A.S.M.E. 100 


Electrical Connections and Open Flames. In vaporizer or pump 
houses, in cylinder filling rcoms and similar locations, all electrical 
installations shall be in strict accordance with the requirements 
of the National Electrical Code for Class I, Group D hazardous 
locations. 

In vaporizer or pump houses, in cylinder filling rooms and sim- 
ilar locations, open flames or other sources of ignition shall not 
be permitted. 


Design Working Pressure and Classification of Storage Contain- 
ers. Storage containers shall be designed and classified as follows: 


For Gases 
with Vapor 
Pressure 
Not to 
Exceed Lbs. A.S.M.E. A.S.M.E. 
per Sq. In. Code Code A.P.I.- 
“Container Gauge at U-68 U-200 A.S.M.E. 
Type” 100° F. U-69 U-201 Code 
100 100 100 Ib. Ga. 113 Ib. Ga. 125 Ib. Ga. 
125 125 > Bas TL Wieg Mites —: 
150 150 150 ” 169 ” | a 
175 175 hele + ay" 
200 200 200 ” YS os is 250 ” 


The shell or head thickness of any container shall not be less 
than 3/16 inch. 


MINIMUM DesiGN WORKING PRESSURE 
or CONTAINERS BY: 


Note: Because of low soil temperature usually encountered, and the in- 
sulating effect of the earth, the average vapor pressure of products stored in 
underground co: tainers will be materially lower than when stored aboveground. 
This reduction in actua) operating pressure therefore provides a substantial 
corrosion allowance for these containers when installed underground. 


Capacity of Liquid Containers. No liquid storage container 
shall exceed 30,000 standard U. S. gallons capacity. 


Installation of Storage Containers. Containers installed above- 
ground (except “skid tanks”) shall be provided with substantial 
masonry or non-combustible structural supports on firm masonry 
foundations. 

Except as modified by the note, aboveground containers shall 
be supported as follows: 

Horizontal containers shall be mounted on saddles and secured 
thereto in such a manner as to permit expansion and contraction. 
Every container shall be so supported as to prevent the concen- 
tration of excessive loads on the supporting portion of the shell. 
Structural metal supports may be employed when they are pro- 
tected against fire in an approved manner. Suitable means of pre- 
venting corrosion shall be provided on that portion of the con- 
tainer in contact with the foundations or saddles. 

Norte: Containers of 1,200, gallons water capacity or less may 
be installed with non-fireproof ferrous metal supports if mounted 
on concrete pads or footings, and if the distance from the outside 
bottom of the container shell to the ground does not exceed 24 in 


(Information and data from publications of the National Boar 
of Fire Underwriters: Pamphlet No. 58—Liquefied Petroleun 
Gases—March 1949. Pamphlet No. 59—Liquefied Petroleun 
Gases at Utility Gas Plants—March 1949.) 
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OIL TEMPERATURE CORRECTION FACTORS 
HEATING VALUE OF Oil Temperature Correction Factors—to 60° F. 


PETROLEUM OILS Observed Degrees A. P. |. 
Temper- 
In most practical applications of the com- ature 5.0° to 10.0° to 15.0°to 20.0°to 25.0°to 30.0°to 35.0° to 40.0° to 50.0° to 
bustion of petroleum products, the process is . 8 14.9° 19.9° 24.9 29.9° 34.9° 39.9° 49.9° 59.9° 


carried out at constant pressure (atmos- 


pheric) and the water vapor formed in com- 1.0215 1.0227 1.0235 1.0243 1.0251 1.0262 1.0276 1.0301 1.0347 
bustion is not condensed. For such processes, 1.0208 1.0219 1.0227 1.0235 1.0243 1.0253 or — me 
‘ : a 1.0201 1.0211 1.0219 1.0226 1.0234 1.0244 1, J 0324 
conte, 00 es cagedeen comynnon " — 1.0193 1.0203 1.0211 1.0218 1.0226 1.0236 1.0248 1.0271 1.0312 
stant pressure is the more significant quantity 1.0186 1.0196 1.0203 1.0210 1.0217 1.0227 1.0239 1.0261 1.0301 
in making comparisons of fuels and in calcu- cid: ‘pli we 
ati i i i liz Ps. 1.0179 1.0188 1.0195 1.0202 1.0209 1.0218 02 J . 
—_— ne Gpmeneins at hosting a: ae 1.0171 1.0180 1.0187 1.0194 1.0201 1.0209 1.0221 1.0241 1.0278 
1.0164 1.0173 1.0179 1.0185 1.0192 1.0200 1.0212 1.0231 1.0267 


i ; 1.0157 1.0165 1.0171 1.0177 1.0984 1.0192 1.0203 1.022! 1.0255 
Heats of Combustion of Crude Oils, 1.0150 1.0158 1.0164 1.0169 1.0175 1.0183 1.0194 1.0211 1.0244 
Fuel Oils, and Kerosenes 


1.0144 1.0150 1.0156 1.0161 1.0167 1.0174 0184 1.026: 1.0232 
The data on heats.of combustion (heating 1.0137 1.0142 1.0148 0153 1.0159 1.0165 1.0175 1.0191 1.0220 
values) given in Table | apply to petroleum 1.0129 1.0135 1.0140 1.0144 1.0150 1.0156 1.0166 1.0181 1.0209 


oils free from water, ash, and sulphur with 1.0122 0127 1.0132 1.0136 1.0142 1.0148 1.0156 1.0171 1.0197 
an estimated accuracy of | per cent. These 1.0115 1.0120 1.0125 1.0128 1.0133 1.0139 1.0147 1.0161 1.0186 











data are based on experimental results ob- 1.0108 1.0112 0117 1.0120 1.0125 1.0130 1.0138 1.0151 1.0174 
tained, on a total of 630 petroleum oils from 1.0100 1.0105 1.0109 1.0112 1.0117 1.0121 1.0129 a — 
c i 1.0093 1.0097 0101 1.0104 1.0108 1.0112 1.0120 1: ; 
panne eats anette Aaameaan Sy 5 Gouge 1.0085 1.0089 1.0093 1.0096 1.0100 1.0104 1.0110 1.0121 1.0139 
of observers. 1.0078 1.0082 1.0085 1.0088 1.0091 1.0095 1.0101 1.0110 1.0128 


Heats of Combustion of Volatile 1.0071 1.0074 1.0077 1.0080 =—-:1.0083 «1.0087 1.0092 1.0100 = 1.0116 
1.0064 0067 1.0069 1.0072 1.0075 1.0078 1.0082 1.0090 1.0104 
Petroleum Products 1.0057 1.0060 1.0062 1.0064 1.0066 1.0069 1.0073 1.0080 
The data on heats of combustion (heating 1.0049 1.0052 1.0054 1.0056 1.0058 1.0061 1.0064 1.0070 
values ) given in Table Il apply to volatile 1.0042 1.0045 1.0046 1.0048 1.0050 1.0052 1.0055 1.0060 
petroleum liquids in general with an esti- 
mated accuracy of | per cent. The values 
given are probably too high by 1 or 2 per 
cent for products containing unusually large 
amounts of aromatic hydrocarbons; for ex- 
ample, “vapor phase cracked” gasoline. The 
tabulated values should be increased by about 
1 per cent to yield corresponding value for 
the heats of combustion of the vapor (va- 
porized product); that is, for those instances 
in which the latent heat of vaporization is 
supplied by the external surroundings and 
not by the combustion of the product. 


1.0035 1.0037 1.0038 1.0040 1.0042 1.0043 1.0046 1.0050 
1.0028 1.0029 1.0030 1.0032 1.0034 1.0035 1.0037 1.0041 
1.0021 1.0022 1.0023 1.0024 1.0025 1.0026 1.0028 1.0030 
1.0014 1.0014 1.0015 1,0016 1.0017 1.0018 1.0018 1.0020 
1.0007 1.0007 1.0008 1.0008 1.0008 1.0009 1.0009 1.0010 


1.0000 d 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
9993 A 9992 9992 9992 9991 9991 9990 
9986 d 9985 9984 9983 9982 9982 .9980 
9979 d 9977 9976 9975 9974 9972 9970 
9972 ‘ 9970 9968 9966 9965 9963 9960 


50 
52 
54 
56 
58 
60 
62 
64 
66 
68 


n 
oO 


9965 9962 9960 9958 9957 9954 9950 
9958 d 9954 -9952 9950 9949 9945 9940 
9951 é 9946 9944 9942 9940 9936 9929 
9943 d 9938 9936 9934 9932 9927 9919 
9937 9931 9929 -9926 .9923 9918 990° 


ee) 
a2arn 


Bureau of Standards, Misc. Publication No. 97. -9930 9924 .9921 .9918 9914 .9909 .9899 


9923 9916 9913 9910 9905 9899 9889 

9908 9905 -9901 9896 9890 9879 
9909 9900 -9897 9893 9888 .9880 9869 
9902 9893 -9889 9884 9879 9871 9859 


9895 9890 9885 -9881 9876 .9870 9862 9849 
9888 9883 -9877 9873 9868 9861 9853 9839 
9881 9875 9870 9865 .9860 9852 9844 9829 
9874 9867 9862 9857 9852 9844 -9834 9819 
9867 -9860 9855 9849 9843 9835 9825 9805 


S288 BALKS 


-9860 9853 9847 9841 9835 9827 9816 9799 
9853 9846 9839 9833 -9827 9818 9807 9789 
9846 9839 9832 9826 9818 9809 9798 .9778 
9838 9831 9824 9818 9810 9801 9789 .9768 
9832 9824 9817 9810 9802 9792 -9780 9758 


110 9825 9817 -9810 .9802 9794 9783 9771 9748 
112 9818 9809 9802 9794 9786 9775 9762 9738 
114 9811 9802 9794 9786 9777 9766 9753 9728 
116 9804 9795 9786 9778 -9769 9758 9743 9718 
118 9797 9788 9781 9770 9760 9749 9734 9708 
120 9790 9781 9772 -9762 9752 9741 9725 9698 





Compiled from Bureau of Standards Circular C410 (1936) 


Multiply the volume of oil in the tank or car at the observed temperatute by these factors 'o 
get the volume at 60 deg. F. 
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COMMERCIAL FUEL OIL STANDARDS 


EFFECTIVE JANUARY 5, 1940 
NATIONAL BUREAU OF STANDARDS CS12-40 


TaBLE 1.—Detailed requirements for fuel oils * 





me, samen Viscosity seconds 


Flash point (° F) (| “Se 





roe 90-percent Saybolt unt- | saypolt furol 


point | eint "foo ky, | (at ze F) 








Description of fuel oil Min } Max Max 








Distillate oi} for use in burners requiring | 100 or Jegal. 0.05 on 10% residuum 4. 
8 volatile fuel. 

Distillate oil for use in burners requiring | 110 or legal_. . .250n 10% residuum ¢_. 
8 moderately volatile fuel. 

Distillate oil for use in burners requiring | 110 or legal_. : -15 straight 
8 low-viscosity fuel. 

Oil a os burners requiring a medium | 130 or legal_. 
7 

Oil for use in eR opens with pre- 
beaters, permitting a high viscosity fuel. 


















































® Recognizing the we ged for low-sulfur fuel oils used in connection with heat treat- * Lower or bi; igher pour | ery may be specified whenever required by conditions of 
ment, nonferrous metal, glass and ceramic furnaces, and other pe uses, 8 sulfur storage or use. Vowbeer, ( hese specifi fications shall not require a pour point lower than 
requirement may be specified in accordance with the following tab 0° F under any conditions. 
rade of fuel ofl Sulfur (maximum) in ba use in ee than Gravotepe : num of 12 peresat ey putes on ew] 
; uum may be increased to s maximum B pesees mit ma: 3 
Number Percent by mutual t between the buyer and — 
* The maximum Ss may be ioerensed t4 te 00° F when used in burners other than 


sleeve-type blue-fiame 
*To meet certain requ mioomente, the carbon-residue limit may be reduced to 


OY-BISQ psvpunig Towsounuo 


burner 
0.15 ane on 10-percent residuu 
No limit «The minimum distillation compenatuse of 600° F for 90 percent may be waived if 
au sulfur limits may be specified only by mutual agreement between the buyer and API 
sel 


oy is 26 or low 

rr we distillation, Plus sediment by extraction. Sum, maximum 2.0 percent. 
» It is the intent of these classifications that failure to meet any requirement of a given The oe A A sediment by extraction shall not exceed 0.50 ple A deduction in 

gerade does not automatically place an oil in the next lower @ uniess in fact it meets quantity shall be made for all water and coabuent in excess of 

all requirements of the lower grade. 





COMPARISON OF DEGREES BAUME AND API WITH SPECIFIC GRAVITY 


The general relationship between degrees Baumé and spe- For liquids lighter than water— 
cific gravity is found in the following: 140 
Sp. Gr. = 304°B , at 60° F. 
For liquids heavier than water— + Baume 


145 The corresponding relationship for degrees API is as 


2 follows. 
145 — ° Baumé at 60° F. 141.5 


Sp. Gr.= 137-5 “API 


Sp. Gr. = 





£ pecific Gravity £ pecific Gravity £pecific Gravity 
Baurré Baurré | Baumé 


Liquids _Licuids Liquids _Licuids | ‘Licuids _ Liquids 
Heavier Lighter API ‘ Heavier Lighter P Deg. Heavier Lighter 
than Water than Water than Water than Water than Water than Water 


1.000 1.229 892 8S 54.0 1.593 761 
1.007 28. 1.239 886 , 55.0 1.611 757 
1.014 29. 1.250 880 56.0 1.629 753 
1.021 0, 1.261 875 87 57.0 1.648 749 
1.028 1.272 870 87 58.0 1.667 745 
1.036 32, 1.283 864 59.0 1.686 741 
1.043 3. 1.295 859 69.0 1.706 737 
1.051 1.3% 854 . 1.726 733 
1.058 35. 1.318 848 2. 729 
1.066 1.33) 843 63.0 725 
1.074 . 1.000 37. 1.343 838 . 722 
1.082 993 993 1.355 833 65.0 718 
1.090 9R6 986 | 9. 1.368 828 66.0 714 
1.098 979 979 . 1.381 823 . 85 71 
1.107 972 a . 1.394 819 . 707 
1.115 965 96 2. 1.498 814 9 703 
1.124 959 959 3. 1.422 809 . 9 700 
1.133 92 953 1.436 85 80 . r 696 
1.142 946 947 CO 5. 1.450 . 693 
1.151 940 90 | 1.465 79! . 690 
1.160 933 934 7. 1.489 7 7 . 686 
1.169 927 928 0 1.495 5. 683 
1.179 921 922 9. 1.510 782 . 680 
1,188 915 916 . 1.5°6 . 77: 676 
1.198 999 910 51. 1.543 7 . 673 
1.208 93 904 52. 1.559 765 79. 670 
1.218 897 R98 53. 1.576 oF 7 : 667 
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VISCOSITY CONVERSION TABLE 


The following table will give a comparison of various viscosity ratings so that if the viscosity is given in terms other than Say- 
bolt Universal, it can be translated quickly by following horizontally to the Saybolt Universal column. 





Kinematic | Seconds | Seconds | Seconds 
Viscosity Saybolt Saybolt | Seconds Redwood Degrees Degrees 
Centipoises=K | Universal Furol Redwood Admiralty Engler Barbey 


1.00 29 1.00 6200 
: 1.16 





eats 22 
OUOWr COOnwu ww 
“a4Uu WrNo 
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00 
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250 
300 
350 
400 
4500 450 


5000 500 
5500 550 
6000 600 
6500 650 
1540 7000 700 


1650 7500 750 
1760 8000 800 6770 
1870 8500 850 7190 
1980 9000 900 7620 
2090 9500 950 8040 
2200 10000 1000 8460 


eBo-mwuas OW] wWOSOaW @=UKHNW HHOW: 


NHWWHNKO WRhOWh OUI 





























The viscosity is often expressed in terms of viscosimeters other than the Saybolt Universal. The formulas for the various 
viscosimeters are as follows: 

Redwood K = .261— 88 (British) Saybolt Universal = K = .22t- 22 American 

203 . 
Redwood Admiralty K = 2.396— OF (British) Saybolt Furol K = 22t-— a. American 
Engler K = 1471-274 German 
= Engler Degrees X 51.3 

The Barbey measures the quantity of flow per hour under constant head instead of the time for a definite quantity under vary- 
ing head as do the others. 

The Saybolt Furol and Redwood Admiralty are especially designed for measuring the more viscous oils and give a reading in 
seconds approximately one-tenth of that given for the same oil by the Saybolt Universal and Redwood respectively. 

If viscosity is given at any two temperatures, the viscosity at any other temperature can be obtained by plotting the viscosity 
against temperature in degrees Fahrenheit on special cross section paper. The points for a given oil lie in a straight line. 


Worthington Pump & Machinery Corp. 
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ANALYSES AND PHYSICAL PROPERTIES OF PETROLEUM OILS’ 





Analysis 








So Gravity,| Sper 
urce or name Be’ leo 


le Oand N 


| 


alf 





Kern River, Calif 

ay my, Calif. 
ee on i Calif.. 

alt Lake, Calif. 


ze 
S88 


+ O~mrwo- 
o 
_ 
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+ OnNn@: 


ess 
eane 


Lompoc, Cali 
Midcontinent 
 — aa Calif 


Newhall, Calif». 
Midcontinent . 


¢ @: 8: 6; S228; 
(et @ NOee 
:85e8:: 8: 8:8 &: 2fse:: 


Pennsylvania. . 
Midcontinent 
Coyote Hills, Calif 


Santa Fe Springs, Calif. 


Santa Maria, Calif.......... 
Santa Paula, Calif...... 
Sespe, Calif cate 
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Les pn City, Calif 
Midcontinent 


Whittier, Calif 

umont, Texas......... 
Sabine, Texas........... 
Whittier, Calif 
Saratoga, Texas 
Coalinga, Calif 
Humble, Texas........... 
Beaumont, Texas............. 
Spindle Top, Texas.......... 


Saratoga, 

Humble, Texas 
Midcontinent 
Spindle Top, Texas 


ce ee. areal 
California. 

Pennsylvania. . Tees ipa 
Pennsylvania...........,. 
Midcontinent 


Midcontinent 
Midcontinent. . 
West Virginia 
Pennsylvania 





2s 
3/8 


|| 8828 


.0 
1 
9 
4 
2.4 
.6 
a 
.0 
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9 
eS 
4 
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.8 
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.6 
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3 
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8 
.6 
4 
2 
| 
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0:33 | |:: | 175300 | 485 Lad 220 
0.56 | |:: i are 490 220 
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,! Compiled from Gebhardt, “Steam Power Plant ineering "’; Babcock & Wilcox ,* Bteam"’; Hei ety Boiler Company, “St Boiler Engi - 
ing"; Report of Committee on Petroleum, 1917; Rufue . Btrohm, “Oil Fuel for Steam e pe _ — 


y permission, from “Gas Engineers’ Handbook.’ Copyright 1934. McGraw-Hill Book Company. 


tober 1, 1953, American Gas Journal 








CHARACTERISTICS OF CARBURETING OILS’ 





Heavy oil 
with some 
cracker tar 


— Heavy | Heavy | Heavy 
Fample designation Ges oll oil vil oil 


(1) (2) (3) (4) 





A.P.L. gravity at 77°F 
Coke, per cent 
Sulphur, per cent 
Distillation test: 
Per cent by volume 
Below 400°F. 
400 to 450 
450 to 500 5.4 oer 45 3.9 
500 to 550 11.0 12.4 
550 to 600 ‘ q 12.4 16.0 
600 to 650 : ‘ 161 15.4 
650 to 700 14.4 16.0 
700 to 750.. ! : 30.0 20.2 
Residue and loss : : 11.6 16.1 
Below 600°F 27.9 32.3 
Above 600°F . . 60.5 51.6 
Hydrocarbon test: 
Per cent by volume 
Paraffins. .. . : 48.3 35.7 
Naphthenes..... 36.3 21.7 27.9 
Aromatics... 12.0 12.0 14.4 
Olefins 16.8 18.0 22.0 
Seturated compounds 71.2 70.0 63.6 
Aromatics and unsaturates 36 0 28.0 28.8 30.0 3.4 
Cracking test: 
Optimum temperature, °F 1330-1390 1380-1425) 1380-1410) 1350-1500 1350-1450, 1300-1450 1350-1450 | 1300-1425 
Btu in gas per gal 104,000 | 101,500 | 9,500 | 108,100 | 96,900 | 96,000 | 84,000 74,500 
Btu of oil per cu ft 1,750 1,750 1,595 1,775 1,870 1,741 1,705 1,770 
Cu ft of oil gas per gal 59.5 58 0 60 5 60 8 518 55 1 49.3 42.0 





























1 Jerome J. Morgan, “American Gas Practice.” 

* Begins to crack at 705" F 

+ Decomposes at 672” F. 

t Includes 7.0 per cent distilling between 750° and 817° F. 


By permission, from “Gas Engineers’ Handbook.” Copyright 1934. McGraw-Hill Book Company. 


GAS OIL EFFICIENCY 


Where gas oil is used for enriching car- 
buretted water gas and no blow-run is made 
the following formula is generally employed 
to show the enriching value of the oil in 
B.t.u. per gallon. 


1000 (F — B) 
B.t.u. per Gal. = + OB 
G 





where F = B.t.u. per cu. ft. of the finished carburetted 

water gas. 

B = B.t.u. per cu. ft: of the blue gas. (In lack 
of definite information frequently as- 
sumed to be 300.) 

G = Gallons of oil per thousand cubic feet. 

O = Cubic feet of oil gas produced per gallon 
of oil. (This is generally from 65 to 70 
cu. ft.) ; 
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CALCULATION OF TERZIAN FACTORS FOR CARBURETTED WATER GAS 


The development of the heavy oil process 
for making carburetted water gas has neces- 
sitated the conducting of plant scale tests 
under varied operating conditions. From 
the study of the operating results of these 
tests, a formula called the “Terzian Factor” 
was developed for comparing operating re- 
sults, and has been successfully used. The 
formula for the “Terzian Factor” is: 

, _ K _ 10F+ 100C 
Terzian Factor = Sain mer ose 


Where K = 10 F + 100C 
F = Gen. Fuel used, Lb./Mcf. 
C = Oil used, Gal./Mcf. 
A = Btu per cu. ft. Make Gas 


When operating with a fairly uniform 
fuel and oil, operating results obtained un- 
der extremely varying conditions of opera- 
tions can be successfully compared by the 
use of this formula; the smaller the numer- 
ical value of the Terzian Factor, the better 
gasification efficiencies. 

It has been found in practice that the 
Terzian Factor, or the relation of K to the 
make gas Btu is practically constant under 
varying operating conditions, and varying 
amounts of generator fuel per Mcf, when 
producing a carburetted water gas of 400 
to 700 Btu per cu. ft. calorific value, and 
operating with heavy oil of a fairly uniform 
quality. 

A study of heavy oil operating results of 
various plants for the last six years indicates 
that we can use the “Terzian Plant Con- 
stant” as a means of checking the plant 
operating results including the tar produc- 
tion. The formula for the “Plant Constant” 
1S: 

Terzian Plant Constant = 
K: _ 10F + 100(C-T) 
.... Yoru 
Where K, = Plant Constant 
T = Tar Made gals./Mcf 
F.C. & A. are as shown above 


The “Plant Constant” varies between .88 
and .92, primarily due to the quality of 
the heavy oil used. Oils of high enrichment 
value give a low “Plant Constant,” and oils 
of low enriching value give the higher fig- 
ure. There is also a slight variation between 
different plants, even though the quality of 
the oil might be practically the same. This 
variation is due to certain plant character- 
istics such as the quality of fuel used, tech- 
nique of operation, miscellaneous plant 
equipment, etc. 


\. G. Terzian, 1936 AGA Production Confer- 


tober 1, 1953, American Gas Journal 


MADE WITH HEAVY OIL 


YERZIAR Factor FoR $30 BTU. Gas 


To La 90 wo 
Cumiomne Wiud, M BTU. PER GaLcon 


Typical Relation of Terzian Factor to Enriching 
Value of Heavy Oil when Making 530 Btu gas. 


VALUES OF K & K, 
a $ a 
3 6 3 


3 


$00 


TERZiam =6FACTOR 


20 
WAR MADE, GALS Pern mcr OF S30 Bru Gas 


Typical Relation of Terzian Factor to Gals. Tar 


Made per Mcf of 530 Btu Gas When Using 
Heavy Oils of Varying Enriching Qualities. 


600 


BTU. PER CU.FT. MAKE GAS 
Relation of Make Gas Btu to K and K; Typical Values. 














TANK FORMULAS 


The following formulas have been selected to facilitate 
the rapid calculation of capacities of various types of stor- 
age tanks in gallons and barrels. 


Uniform Notations: 
B = Capacity of each dished head in United States 
gallons. 
B, = Total capacity of both dished heads in United 
States gallons. 
Cz, = Total capacity of tank in barrels (of 42 United 
States gallons). 
C, = Total capacity of tank in United States gallons. 
Car = Capacity of cylindrical portion of tank in United 
States gallons per foot length. (Flat heads.) 
D = Inside diameter of tank in feet. 
G = Liquid contents of partially filled tank in United 
States gallons. 
L = Length of cylindrical portion of tank in feet. 
b = Dish of head, bead line to inside of plate (height 
of arc) in inches. 
d = Inside diameter of tank in inches. 
h = Depth or height of liquid in tank in inches. 
1 = Length of cylindrical portion of tank in inches. 
r = Radius of dished head (where different from 
tank diameter) in inches. 
k = Per cent of total capacity of horizontal tanks. 


Capacity of Vertical Cylindrical Tanks with Flat Heads 
R = Inside radius of tank in feet. 
H = Height of liquid in feet. 
Car = Capacity in United States gallons, per foot 
depth = 23.501 R?. 
Cg = Total capacity in United States gallons = 
23.501R?H. 
C, = Total capacity in barrels (of 42 United States 
gallons) = 0.56 R°H. 


Capacity of Horizontal Cylindrical Tanks with Flat Heads 

Car = Capacity in United States gallons per foot 
length = 0.0408d?. 

C, = Total capacity in United States gallons = 
0.0034d?1. 

C, = Total capacity in United States gallons = 
5.875D°L. 

C, = Total capacity in barrels (of 42 United States 
gallons) = 0.14 D°L. 


Capacity of Horizontal Cylindrical Tanks with Dished 
Heads 

¢where radius of dished head equals diameter of tank) 

C, = Total capacity in United States gallons = 
0.0034d?1 -+- 0.0004664d°. 

C, = Total capacity in United States gallons — 
5.875D*L + 0.806D*. 

C, = Total capacity in barrels (of 42 United States 
gallons) = 0.14D°L + 0.019D%. 


Capacity of Dished Head of any Radius 
B = Capacity of each dished head in United States 
gallons = 0.0045333b? (3r — b). 


By permission, from “Oil Country Tubular Products.” 
National Tube Company. 


Copyright 1948. 
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Capacity of Spherical Tanks 
C, = Total capacity in United States gallons 
0.0022666d?. 
C, = Total capacity in United States gallons — 
3.9168D*. 


C,, = Total capacity in barrels (of 42 United States 
gallons) = 0.093257D*. 


Liquid Contents of partially filled Tanks 
Horizontal Cylindrical Tanks with Flat Heads: 
G = Liquid contents in United States gallons 


l 
=. 2 «_ 
23] | 0.004363 d? Cos 
d— 2h ee 2h 
as -- * Vatd—B) |. 


The notation Cos- —— a ( read inverse cosine of 


d—2 
— = or arc cotas * — =—) means the angle (in de- 


d 
d— 2h 
d 
The use of this inverse function can best be illustrated by 
an example: 

Find the number of gallons contained in a horizontal 
cylindrical tank with flat heads, if the tank inside diameter 
is 100 inches, the length 50 inches, and the tank is filled 


with liquid to a depth of 10 inches. Substituting in the 
above formula, 


GO-= 9 | 0.004363 (100)2Cos" 


231 
100— 20 100—20 
eee eee: 2 VI0TI00— 10) | 


grees) whose cosine is equal to 





G = 0.21645 | 43.63 Cos 0.80 — 40 500 | 


But, as stated above, Cos 0.80 means “the angle of 





CAPACITIES OF DISHED HEADS 


The type of dished heads and the total capacity of two such heads for tanks 
of various diameters may be obtained from the following: 


Shallow Dish Type. 





Standard Dish Type 





Capacity 
2 Heads 
Gallons 


Capacity 
Diameter Dish 2Heads- Dish 
of Tank Radius Gallons 


5'.6” 5'.6" 9%” 140 
6'-.0” 6'-0” 10%” 180 10'-0” 6%" 110 
6'-6” 6'-6" a .° 230 10'-0” 7%," 150 
7’-0” 7'-0” 11%” 285 ~=10'-0” 8%” 200 
7’6" 76" 12%” 350 16'-5” 6." 165 
8’.0” 8-0” 13%” 425 =-16'-5” 6%” 210 
8’-6” 8'.6” 144%” 510 316-5” 7%" 265 
9-0” 9’.0” 2” 605 16-5” 8%” 330 
9’.6” 9’-6" 15%” 710 16'-5” 9 ° 405 
10’-0” 10’-0” 16%” 825 25'0” 6%" 340 
10’-6” 10’-6” 174” 955 25'-0” 7%" 420 
11’-0” 11’-0” 18%” 1100 39. 25-0” 8%” 500 
12’-0” 12’-0” 20 ” 1435 25'-0” 9%" 690 


Height of 
Bulge* 


Height of 
Radius Bulge* 


10’-0” 5%” 80 








* The ‘Height of Bulge” is measured from a plane perpendicular to the 
axis of the tank and passing through the end of the cylindrical sectior of 
the head flange to the center point on the outside of the head. The ler sth 
of the cylindrical part of the tank plus twice the height of the bulge will 
equal the total length of the tank measured along its axis. 

The material for this table was obtained from “Steel Plates,” a handb ok 
compiled by Bethlehem Steel Co. 
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:- ) the cosine is 0.80.” From a table of natural cosines the tank, d, and by referring to Table 3 find the k cor- 
igle is found to be 36° 52’ or 36.87°. Substituting responding to the h/d just found. 
ilue for Cos 0.80 we have, The United States gallons of liquid in the tank are then, 


; = 0.21645 (43.63 « 36.87 — 1200), : _Cexk 
 — 0.21645 x 408.6, United States gallons = - 100° 
; = 88.45 gallons. Example: 
jote: In calculating liquid contents of partially filled d Ke: 96 maches; 
tanks, use formula for tanks up to half full. For tanks over L Fa 30.5 feet; 
half full, calculate capacity of unfilled portion and sub- From Table 2, Cop ae 


‘t from capacity of full tank. 
ger a. then Co = CorL = 376.01 X 30.5 = 11,468 
; allons; 
G = Liquid contents in United States gallons “ 


= 0.0022666h?(3d — 2h). = = 0.333. 


Liquid Contents of partially filled Horizontal Cylindrical From Table 3, . k = 29.1994; 


Tanks—with Flat Heads (by use of Tables 2 and 3). therefore, as “pon x29. a1 = 


(1) Tank less than half full: nee ae 3341.7. 


In order to find the gallons of liquid in a horizontal (2) Tank over half full: 
cylindrical tank with flat heads when tank is less than To find the liquid contents of a tank over half full, let 
half full: h’ = depth of unfilled portion. The calculation should 
Find the total capacity of the tank, Cg, either by calcu- _— then proceed as for a tank less than half full using h’ in- 
lating from the formulas or by finding the capacity per _—_ stead of h. The result obtained will then be the capacity 
foot length, Cgr, from Table 2 and multiplying by the _ of the unfilled portion of the tank and must be subtracted 
length of the tank in feet. from the total capacity of the tank, Cg, to find the quantity 
Divide the depth of liquid, h, by the inside diameter of _ of liquid in the tank. 


Table 2 


CAPACITIES OF HORIZONTAL CYLINDRICAL TANKS IN 
UNITED STATES GALLONS PER FOOT LENGTH FLAT 
AND OF DISHED HEADS (WHERE r=d) 


1 gallon = 231 cubic inches = 0.13368 cubic foot 
1 cubic foot = 7.4805 gallons 
“|Capacity) rad /Capa pacity i (Caps pacity i 
Inside of cylin-| Total || Inside jof cylin-| Total | Inside pad Total | 
diam-| drical capacity diam- | drical |capacity  diam- | drical ca 
eter of portion eter of | portion | of both | eter of portion | of both 
tank in| of tank | || tank in | of tank | dished | tank in | of tank | dished 
inches | per foot inches | per foot; heads _ inches | | per foot 
length length f | length 


CGF CF | 
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Table 3 


TABLE FOR GAGING HORIZONTAL CYLINDRICAL TANKS 
WITH FLAT HEADS—PER CENT OF TOTAL CAPACITY—k 
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By permission, from ‘Oil Country Tubular Products.” Copyright 1948. 
National Tube Company. 


Table 3—Continued 
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Size 
and 
type 


2B 
5B 
10B 
20B 
30B 
60B 
100B 
200B 


5M 
5MS 
10M 
20A 
30M 
60M 
1SO0A 


CONSUMERS’ METERS 
CAPACITIES, WEIGHTS, ETC., OF AMERICAN TINNED STEELCASE METERS 


(Now regularly manufactured) 


The dimensions are expressed in inches. 


The rated gas capacity is given in cubic feet an hour at '-inch differential 


Rated 
capacity for iron pipe 


65 
150 
300 
450 
600 

1300 
1800 
3200 


210 
300 
425 
600 
900 
1600 
3400 


Connections 


threaded 


%” or 4” 
4” 
%” 
1 ” 
1%” 
1 iy ” 


fe Lad 


Dimensions 


16x” 
1642” 
1733” 
W714” 
24%" 
331%" 
4334” 


Cu. ft. 
per rev. 


Proving 
circle 
cu. ft. 


914” 
1075” 
1414” 
1534” 
20%” 
971 ” 
ai 8 


600 

1100 

2500 

4000 

60C 6000 


1934” 
27%” 
34” 
381" 
Wy” 45” 


1314%4” 
167%” 
24)" 
2914" 


353%” 


10 
20 
50 
100 


Approx. 
shipping 
weight 
pounds 


9 

17 
25 
36 
52 
125 
200 
340 


18 
19 
24 
42 
57 
142 
355 


38 
90 
185 
295 
480 


All “C” type meters are equipped with galvanized straight threaded nipples of standard pipe 
thread and will connect direct to standard iron pipe service fittings, requiring no meter connections 


or special threads. 








Dimension 
Cc 


SPECIFICATIONS OF AMERICAN IRONCASE METERS 


Maximum 
working 

pressure, 
pounds 


80B* 

80B 
250B 
250B 
250B* 
250B 
500B 
500B 
500B 


Type and size 


of conn 
” 4" 
or 72 


‘or 2%” 


”“M.P.T 
‘ or 11%4 


eeu 


neh SAAR DT, 


SSS8 5555585 98% 


a 


ene ans 


DRABDARRANNNNNNNN 0 By BY BY BS pas me en BS EO Os 
n°) 


ections 


“» 1" or 1%" MC. 
", 1” or 1%” MAC. 


"MC. 


2” M.C. 


Low-pressure capacities, 
cubic feet an hour 


V2’ water 
differential 


100 
145 
175 
175 
175 
250 
250 
350 
400 
400 
400 
550 
650 
650 
950 
950 
1200 
1200 
1200 
1200 
3000 
3000 
3000 
3000 
4800 
4800 
4800 


M.C.—Malleable iron standard meter connections are required. 


2” water 
differential 


210 
300 
370 
370 
370 
570 
570 
700 
900 
900 
900 
1100 
1500 
1500 
2000 
2000 
2500 
2500 
2500 
2500 
6000 
6000 
6000 
6000 
10000 
10000 
10000 


Shipping 
weight 
pounds 

each 


15 
35 
40 
19% 
45 
50 
90 
90 
110 
120 
180 
160 
170 
180 
290 
300 
320 
330 
160 
430 


325 
730 
960 


970 





F.P.T.—Female pipe thread. 
M.P.T.—Male pipe thread. 
* Aluminumcase Meters. 


American Meter Company, Inc. 
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CAPACITIES OF AMERICAN IRONCASE METERS 
AT HIGH PRESSURE 


These values are the recommended maximum hourly rates expressed in cubic feet at four-ounce base pressure when measuring 
gas at high pressure. 
Specific gravity of gas, 0.60 


Gage Type of Meter 
pressure 20B 25B 30B 35B 60B 80B 250B 500B 
4 oz. 700 900 1100 1500 2000 2500 6000 10000 
5 lb. 900 1100 1400 1900 2500 3100 7500 12500 
10 lb. 1000 1300 1600 2200 3000 3700 8900 15000 
15 lb. ee 1500 1900 2600 3400 4300 10000 17000 
20 Ib. pis 1700 cea 2900 3800 4800 12000 19000 
30 Ib. Saat 2100 ep 3500 4700 5800 14000 23000 
50 Ib. eed 2800 nos 4600 6100 7700 18000 31000 
75 |b. ae 3500 re 5900 7900 9900 24000 39000 
100 Ib. eens 4300 rer 7100 9500 12000 28000 47000 
150 lb. ae 5600 ee nan on -< 15000 37000 62000 
200 Ib. ae 6800 ee Ree waa 19000 46000 76000 
250 lb. “tan 7900 ree anle'a at. 22000 53000 88000 
Specific gravity Multiply by 

0.45 1.15 

0.60 1.00 

1.00 0.78 

| 1.20 0.71 

1.50 0.63 


American Meter Company, Inc. 


ROCKWELL CAST IRON AND DOMESTIC METERS 








Rating 
-60 Sp. Cu. Ft. Distance 
Working Gas Per Rev. Center 
Press. Size 5” Ab- Proving Line to Shipping 
Size Lbs. Connections sorption Hand Connections Height Weight 
1 5-10 11%,1¥% 275 Zz a 14%” 45% 
2 10 1%4,1% 415 5 8” 16 11/16” 67 
175 curb box 5 1% 175 2% 4%” 14 9/16” 37 
2 curb box 10 1% 415 5 Th" 19%” 70 
ROCKWELL ALUMINUM DOMESTIC METERS 
Cu. Ft. Distance 
5” Absorption per Rev. Center 
Working Size .60 Sp,Gas_ Proving Line to Shipping 
Size Press. Lbs. Connections Rating Hand Connections Height Weight 
150 a 44,%,1,1% 150 a 6” 11 9/32” 12 
175 5-10* %,%,1,1% 175 2% 6” 12 11/16” 19% 
50 %,%,1 175 2% 6” 13 7/16” 40 
1 5 1,1%,1% ‘i > 2 * Si 14%” 25 
415 10 1%,1% 415 5 .. 14%” 


* if requested on order 


ROCKWELL INDUSTRIAL AND LARGE CAPACITY METERS 





Cu. Ft. 
per 
Working Rev. 
Press. Size 5 ab- .02 ab- Proving Shipping 

Size Lbs. Connections sorption sorption Hand Length Height Weight 

800 100 1%” FPT-45LT 800 1,600 5 16%” 22 27/32” 70 

2"% 75 2” FPT 950 2,000 10 20%” 25%” 212 

100 2” FPT 950 2,000 10 20%” 25 15/16” 345 

200 2 ere 950 2,000 10 20%” 25 15/16” 345 

500 2” FPT 950 2,000 10 21%” 26%” 476 

1,000 2” Series 60 950 2,000 10 30%” 29 7/16” 986 

Ring Joint Flange 

3 75 2” or 3” FPT 1,200 2,500 10 22%" 27 13/16” 282 
100 2” or 3” FPT 1,200 2,500 10 22%" 285%” 424 .- 

200 2” or 3” FPT 1,200 2,500 10 22%” 285%” 424 

500 2” or 3” FPT 1,200 2,500 10 22%” 28%” 550 

~ 75 3” or 4” FPT 2,250 5,000 10 27%" 32%” 486 

100 3” or 4” FPT 2,250 5,000 10 28” 32 13/16” 680 

200 3” or 4” FPT 2,250 5,000 10 28” 32 13/16” 680 

500 3” or 4” FPT 2,250 5,000 10 29%” 341%” 1093 

4% 75 4” FPT 3,500 7,000 10 3314” 42 1/6” 690 

5 50 4” FPT 5,000 10,000 100 40” 51%” 980 


Rockwell Manufacturing Co. 


INSTRUCTIONS FOR ACCURATE PROOF TESTING OF GAS METERS 





To arrive at accurate results in proof-testing gas meters neces- through, without strict regard to the following rules, will resu!t i0 
sitates close attention to a great many details. Merely connecting an approximation only and is not a correct proof test. 
the meter to a prover and passing a small quantity of air or gas To proof test a meter accurately the prover must be m: the 
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sult i 
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mat_ally correct, perfectly level, duly counterpoised and adjusted 
so as to give uniform pressure from top to bottom during the 
movement of the bell in the tank. Provers are commonly adjusted 
to throw a pressure of one and one-half inches water column. 
The ‘iquid in the prover, the air or gas in the bell and also the 
meter to be proof tested must all be uniform in temperature with 
the air of the room in which the tests are to be made and all of 
these temperatures must be kept uniform during the entire test. 

The meter or meters to be proof tested should be brought to the 
proving room at least five hours or if possible for a longer period 
before making tests, thereby giving them an opportunity to be- 
come adjusted to room temperature. When these conditions have 
been met, the test may proceed. 

The inlet of the meter is connected to the prover hose by means 
of a suitable connection. The connections and meter are then 
tested for leaks by opening the outlet valve on the prover con- 
nections, placing the palm of the hand over the meter outlet, and 
then closing the valve. If the siphon gauge shows a drop in pres- 
sure, it is an indication of a leak in the connection or in the meter. 
The leak can be located by means of soapsuds. 

Attach the proper check cap on the meter outlet and pass 
enough air from the prover through the meter to bring the test 
hand, while on the up run, directly over a division or mark on the 
proving circle. 

Fill the prover bell and carefully adjust the zero scale reading 
by means of the prover slide valve. Open the valve on the con- 
nection and pass a sufficient volume from the prover through the 
meter to cause the test hand to make one full revolution. Exercise 
care to insure that the test hand is stopped exactly over the mark 
from which it started at the beginning of the test. The reading on 
the prover scale is noted and from these data the proof is deter- 
mined. If the meter is to be proof tested at the open rate, the pro- 





PERCENTAGE OF ERROR TABLE 























2 cubic feet 5 cubic feet 10 cubic feet 20 cubic feet 
passed by meter | passed by meter | passed by meter | passed by meter 
Prover |. Error | Prover | Error | Prover | Error | Prover | Error 

1.80 +11.11 4.50 +11.11 9.00 |+11.11 18.00 |+11.11 
1.81 +10.50 4.52 +10.62 9.05 |+10.50 18.10 |+10.50 
1.82 + 9.89 4.55 + 9.89 9.10 |+ 9.89 18.20 |+ 9.89 
1.83 + 9.29 4.58 + 9.17 9.15 |+ 9.29 18.30 |+ 9.29 
1.84 [+ 8.70 4.60 |+ 8.70 9.20 |+ 8.70 18.40 |+ 8.70 
1.85 + 8.11 4.62 + 8.20 9.25 |+ 8.11 18.50 |+ 8.11 
1.86 + 7.53 4.65 + 7.83 9.30 |+ 7.53 18.60 |+ 7.53 
1.87 + 6.95 4.68 + 6.84 9.35 |+ 6.95 18.70 |+ 6.95 
1-88 + 6.38 4.70 + 6.38 9.40 |+ 6.38 18.80 |+ 6.38 
wm 1.89 + 5.82 4.72 + 5.93 9.45 |+ 5.82 18.90 |+ 5.82 
< 
™ 190 |+ 5.26 4.75 |+ 5.26 9.50 |+ 5.26 19.00 |+ 5.26 
1.91 + 4.71 4.78 + 4.60 9.55 |+ 4.71 19.10 |+ 4.71 
1.92 + 4.17 4.80 + 4.17 9.60 (+ 4.17 19.20 |+ 4.17 
1.93 + 3.63 4.82 + 3.73 9.65 |+ 3.63 19.30 |+ 3.63 
1.94 + 3.09 4.85 + 3.09 9.70 |+ 3.09 19.40 |+ 3.09 
195 |+ 256 | 488 |+ 246 9.75 |+ 2.56 | 19.50 |+ 2.56 
1.96 + 2.04 4.90 + 2.04 9.80 |+ 2.04 19.60 |+ 2.04 
1.97 + 1.52 4.92 + 1.63 9.85 |+ 1,52 19.70 |+ 1.52 
1.98 + 1.01 4.95 + 1.01 9.90 |+ 1.01 19.80 |+ 1.01 
1.99 + 0.50 4.98 + 0.40 9.95 |+ 0.50 19.90 |+ 0.50 
Correct 2.00 0.00 5.00 0.00 10.00 0.00 20.00 0.90 
2.01 —0.50 5.02 —0.40 10.05 —0.50 20.10 —0.50 
2.02 —0.99 5.05 —0.99 10.10 —0.99 20.20 —0.99 
2.03 —1.48 5.08 —1.57 10.15 —1.48 20. —1.48 
2.04 —1.96 5.10 —1.96 10. —1.96 20.40 —1.96 
2.05 —2.44 5.12 —2.34 10.25 | —2.44 20.50 | —2.44 
2.06 —2.91 5.15 —2.91 10.30 —2.91 20.60 —2.91 
2.07 —3.38 5.18 —3.47 10.35 —3.38 20.70 | —3.38 
2.08 —3.85 5.20 —3.85 10.40 —3.85 20.80 —3.85 
= 2.09 —4.31 5.22 —4.21 10.45 —4.31 20.90 —~4.31 
5 210 —4.76 5.25 —4.76 10.50 —4.76 21.00 | —4.76 
| 
4” 2.11 —5.21 5.28 —5.30 10.55 —5.21 21.10 —Ss21 
2.12 —5.66 5.30 —5.66 10.60 | —5.66 21.20 —5.66 
2.13 —6.10 5.32 —6.02 10.65 | —6.10 21.30 —6.10 
2.14 —6.54 5.35 --6.54 10.70 —6.54 21.40 —6.54 
2.15 —6.98 5.38 —7.06 10.75 —6.98 21.50 —6.98 
2.16 —7.41 5.40 —7.41 10.80 —7.41 21.60 —7.41 
2.17 —7.83 5.42 —7.75 10.85 —7.83 21.70 —7.83 
2.18 —8.26 5.45 —8.26 10.90 | —8.26 21.80 —8.26 
2.19 —8.68 5.48 —8.76 10.95 | —8.68 21.90 | —8.68 
2.20 —9.09 5.50 11.00 | —9.09 22.00 —9 
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cedure is the same as with the check rate test with the exception 
that the meter outlet is unrestricted. The maximum rate at which 
the prover delivers air through the hose and connections to the 
meter at the open-rate test depends upon the capacity of the 
meter, pressure in the prover, and size of connections from the in- 
terior of the prover to the meter. 


Differential Test 

The differential test of meters at a definite check rate is the 
supplementary test which is used as a final check to determine the 
absence of avoidable internal friction or binds in meters before 
final proof. For this purpose the differential, which is the differ- 
ence in pressure between the inlet and outlet of the meter, is in- 
dicated in inches of water on a sensitive draft gauge. 

At a very low rate of flow the differential is produced primarily 
by internal friction. In a properly assembled meter this internal 
friction depends upon the flexibility of the diaphragms, the relative 
tightness of the stuffing boxes, and to a certain extent, upon the 
clearance between the moving parts. In some cases where heavier 
diaphragms or tighter packing of the stuffing boxes are specified, 
a slightly higher differential will result. Consequently, for any 
particular size of meter, the differential limits will depend upon 
the specifications. 

Any increase in differential resulting from binds, excessive fric- 
tion in the stuffing boxes, or stiff diaphragm leather should be 
eliminated before final proof. This precaution is of basic impor- 
tance because if internal friction is reduced by wear after a meter 
is placed in service, the proof may be affected. 

At low rates of flow, the differential between meter inlet and 
outlet pressures may be about 0.10 inches of water. 





American Meter Company, Inc. 





CHECK RATE AND OPEN RATE FOR 
AMERICAN TINNED STEELCASE METERS 


Rates are expressed in cubic feet an hour. 














Diameter of 
Standard Check rate at  check-rate Open rate, 

Meter capacity 20 percent of orifice in approximate, 
type rate, gas standard rate inches for air 
2B 65 13 0.11 100 
3B 90 18 0.12 140 
SB 150 30 0.16 240 
10B 300 60 0.24 480 
20B 450 90 0.30 720 
30B 600 120 0.35 960 
60 B 1300 260 0.52 2100 
100 B 1800 360 0.62 2900 
200 B 3200 640 0.81 5100 
5M 210 42 0.20 340 
10M 400 80 0.28 640 
30M 900 180 0.44 1400 
60 M 1600 320 0.58 2600 
SA 175 35 0.18 280 
10A 375 75 0.27 600 
20A 600 120 0.35 960 
30A 875 175 0.43 1400 
60A 1500 300 0.56 2400 
150A 3400 680 0.85 5440 
6C 600 120 0.35 960 
140 1100 220 0.49 1800 
25 ¢ 2500 500 0.73 4000 
40C 4000 800 0.92 6400 
60 C 6000 1200 1.12 9600 





The approximate diameters of the orifices are based on the check rate 
being 20 percent of the standard capacity. Air is used for testing. The 
pressure at the inlet of the meter is 1.5 inches of water and the thickness 
of the cap is 0.0625 inch. The approximate open rate is based on the as- 
sumption that air is used for testing and the pressure at the inlet of the 
meter is about 1.5 inches of water. 





American Meter Company, Inc. 
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SPECIFICATIONS OF SPRAGUE GAS METERS 


Dimensions 


Teeth 


Center Front in 
of Con- to Proving To 


nections Height Back Width Head 





p 
Bracket 


Capacities* 

W.C. Diff.) Cast 
Iron 

Weight 


Lbs. 


Cu. Ft. Ey ig 
Per or 
Rev. ] 1’ 1 oz. 


Aluminum 
Weight 
Lbs. 


Pipe Con. 
nections 
In es 





133%" 73 
137%" 1 
15%” 3 
7%" 94 
22%" 131 

1 I 


Va g” 
107%" 26¥6 


Yg" 
8” 
4" 
3° 
6 
8 
2 


5A ’ 


*5” inlet pressure, 0.60 Sp. G. +Double worm. 





315 13 
432 13 
575 20 
654 25 
1250 55 
1850 78 


29% 


.133 
133 
.208 
294 
.625 
1.177 


S44, 1k1Y 
34,1& 1 
45 1& 1; 
52% 1%& 11, 
132 Ww&1y 
190 2 





SPRAGUE COMBINATION 


The combination meter and regulator consists of a standard 
meter with the regulator built as an integral part of the top. The 
unit has the following advantages in the field and in the shop: (1) 
The regulator and meter can be installed in an area no greater than 
that occupied by a conventional low-pressure setup, (2) a consid- 
erable amount of space can be saved in storage areas in the shop 
and on transportation units, (3) fewer fittings are necessary re- 
sulting in a more rigid installation and (4) the reduction in the 
quantity of fittings eliminates some of the sources of leaks, and 
the added rigidity reduces to some extent the possibility of leak- 
age. 

In group installations the combination provides individual pres- 
sure control for each consumer regardless of the length of the 


METER AND REGULATORS 


house line or whether the connected load is large or small. In the 
advent of trouble call it is only necessary to shut off the service to 
the customer involved. The other consumers are in no way affected 
as would be the case in a conventional regulator and header set-up. 
The benefits of this feature are twofold: (1) individual pressure 
control, and (2) localization of trouble. 

With the combination unit the meter number serves as an identi- 
fication for both meter and regulator. Inspection and servicing of 
the regulator becomes part of the meter repair at the periodic 
changes. This can be accomplished at a cost only slightly higher 
than an ordinary meter repair. 

Combination Meters and Regulators are made presently in 
Sizes 1A and 2. 





CAST IRON AND ALUMINUM CASES 


Meter cases are now made in both cast iron and aluminum. The 
cast iron case has been standard for many years. With the event 
of new types of alloys and requests for light-weight meters having 
all the advantages of cast iron, the aluminum alloy meter has 


been brought forth to meet the necessary specifications. The aé- 
vantages of the aluminum case meter are, freedom from rust, re- 
quires no paint, light to handle, no fire hazard, and all parts being 
interchangeable with older models. 





MEASUREMENT—AT HIGH PRESSURE 


Gas meters always measure the gas at line pressure. It is not 
always practicable to reduce the pressure and measure the gas at 
low pressure. In many instances it would be necessary to compress 
the gas again to transmit it to the point of consumption. 

Meters for high pressure service have the same measuring mech- 
anism as those employed for low pressure. The only difference 
is in the strength of the case. 

If the line pressure does not remain constant, it is necessary to 
equip the meter with a recording volume and pressure gauge in 
order to arrive at the correct base or selling pressure. The correct 
volume is computed from the guage chart and a pressure table. 

If the line pressure remains constant, a pressure and volume 
gauge is not necessary. The correct pressure factor may be taken 
from the table and applied directly to the meter reading. 

The generally accepted average atmospheric pressure is 14.4 
pounds. Gauge pressure is the difference between the absolute 
pressure and the atmospheric pressure, viz., the absolute pressure 
equals the atmospheric pressure plus guage pressure. Absolute 
pressure must be used in all gas calculations involving the gas 
laws. 


The method of converting volume measured at high pressure 
to volume at a base or selling pressure is as follows: 


215,512 cu. ft. 
14.4 pounds per sq. in. 
4 ounces 
45 pounds per sq. in. 


Meter Reading 
Atmospheric pressure 
Base pressure 

Gauge pressure 


In the table under “Base pressure 4 ounces” observe the con- 
stant for 45 pounds gauge pressure. It is found to be 4.055. Multi- 
ply the meter reading by this constant to obtain the volume meas- 
ured at the selling pressure, or 4.055 x 215,512 = 873,901 cu. ft. 

If the pressure varies, it is necessary to employ a recording vol- 
ume and pressure gauge. An average pressure for the volume 
measured is calculated from the gauge chart. This average pres- 
sure is then interpolated in table of pressure factors and the cal- 
culations from this point are identical to those employed for 4 
constant pressure. 


Sprague Meter Company. 





CRITICAL FLOW ORIFICE PROVERS 


The critical flow orifice prover may be used for testing positive 
displacement meters at a pressure of 15 pounds gauge or more by 
passing gas or air through the meter and the orifice, and discharg- 
ing it into the atmosphere. 

If the proof of the meter does not change with changes in pres- 
sure (it should not) the time required for a full circle reading of 
the proving hand of the index will be the same for any particular 
orifice and any kind of gas, regardless of variations in pressure. 

To test a meter under working pressure conditions, the prover 
is attached to a connection close to the meter outlet. 


102 


The orifice of proper size for testing the meter should be selected 
from a table furnished by the manufacturer showing the approxi 
mate time required for the passage of one cubic foot of air. A 
.500-inch orifice should be used for testing a meter at a rate of 
4000 cu. ft. (index reading) an hour. A .250-inch orifice may be 
used for the low test rate. 

On account of the small size of the orifice used, it is not practi 
cable to calculate the standard air time by the measurement of 
the diameter of the orifice. It is always determined by test a1d is 
stamped on the outlet side of the disc by the manufacturer. 
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“gas time” for a test with any orifice depends upon the size 
of th orifice, the ratio of specific heats of the gas, the temperature 


of the specific gravity. 


Tables to simplify the calculations in connection with the test- 


_— 


ing of meters with critical flow orifice provers are furnished by 
the manufacturer. 


See American Meter Company Bulletin E-8. 





PRESSURE FACTORS FOR HIGH PRESSURE MEASUREMENT 





Gauge Base Pressure, Pounds Absolute 
Pressure F 14.9 15.025 16.4 
Pounds (8 oz.) (10 oz.) (2 Ib.) 


Gauge Base Pressure, Pounds Absolute 
Pressure 14.65 14.9 15.025 16.4 
Pounds (8 oz.) (10 oz.) 
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METHOD FOR DETERMINING REGULATOR CAPACITIES 


A study of the various equations now in use for computing regu- 
lator capacities reveals the following seem to be the most practical: 
(1) Where the flow is below critical velocity (regulator outlet 

absolute pressure being more than one half of the regulator 
inlet absolute pressure): Q=K \/h po 


(2) Where the flow is above critical velocity (regulator outlet 
absolute pressure being less than one half of regulator inlet 
absolute pressure): Q= % KP, 

Where, 

Q =M Cu. Ft. per hour of .65 Sp. Gr. Gas at a base press. 
of 14.73 Lbs. per Sq. In. absolute 

h = Drop in pressure across regulator in Lbs. per Sq. In. 

Po = Absolute outlet pressure in Lbs. per Sq. In. 

P, = Absolute inlet pressure in Lbs. per Sq. In. 

K = Constant, depending on regulator valve size and charac- 
teristics 

For convenience, these equations are transposed as follows: 

Q= Kx Flow Factor 

Graphic Charts Figures 1, 2, 3, & 4 have been prepared whereby 

flow factors may be read directly, depending upon the regulator 

inlet and outlet pressures. 
The “Flow Factor” (shown on bottom scale) is equal to 


\Vhp», for conditions outlined under equation (1); and is equal 
to 2 P,, for conditions outlined under equation (2). These flow 
factors when multiplied by factor “K” (in table) equal the recom- 
mended maximum regulator capacity. 

In attempting to determine “K” factors for practical use for the 
different regulators in common use, it is necessary to make several 
compromises and assumptions which are briefly stated as follows: 


(1) It is interpreted that the maximum capacity of a regulator is 
that quantity of gas which a regulator will deliver at a given 


From Columbia Gas System Engineering Corp. 
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pressure drop between its inlet and outlet flanges; that is, the 
regulator body is considered the unit rather than only the 
regulator valves or any part of the setting. 

In developing practical “K” factors for the different regulators, 
it is known that some regulators have greater valve opening 
areas than the area of the regulator outlet pipe opening. In 
such cases, the capacity should be reduced to an amount 
equivalent to a valve opening area equal to approximately 
60 per cent of the regulator outlet pipe opening cross sectional 
area. 

(3) These capacity data are based entirely on the capacity of the 
regulator main body and do not take into account variations 
in outlet pressure resulting from other causes, such as friction, 
lack of operative power, etc., which are rather common in the 
older type of regulator. 


The table sets forth practical “average values” for K, which are 
believed to be accurate and safe for the purpose intended. In most 
instances they are as accurate as many of the other variables in- 
volved, such as the estimated inlet and outlet pressures, etc. 
Where more accurate values of “K” are available, such as those 
furnished by regulator manufacturers, obtained from special 
tests, etc., they may be substituted for those in the table and in- 
serted in the blank spaces provided. 

There may be instances where special regulators are in use and 
it is desired to obtain their approximate capacity. This may be 
done by determining the valve opening area in terms of square 
inches and using a “K” factor of 1.00 for each square inch, pro- 
viding this area is no greater than approximately 60 per cent of 
the regulator outlet pipe opening. If the valve opening area is 
greater than 60 per cent of the outlet pipe opening, the valve open- 
ing area above this amount should be ignored. The approximate 
regulator capacity is then equal to “K” x Flow Factor, in the 
same manner as though the “K” were taken from the table. 
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6 8 9 


FLOW FACTOR 
- FIGURE | - 


FLOW FACTOR 
- FIGURE 2- 


To determine Maximum Capacity of Regulator: 


(1) Locate outlet pressure on left margin of graph 

(2) Trace horizontally to estimated minimum inlet pressure 

(3) Trace vertically down and read “Flow Factor” on bottom 
scale 

(4) Maximum hourly capacity = Flow Factor x “K” factor 


Example: 
Assume—A 6” Regulator, 25 Lb. Outlet Gauge Pressure, and 

an estimated minimum inlet Gauge Pressure of 40 
Lb. 

—From graph (Figure 2) Flow Factor = 24.5, and 
from table “K” Factor = 16.5 
Maximum Regulator Capacity = 24.5 x 16.5 or 400 
M. Cubic Feet per Hour 


Then 


To determine size regulator required when the quantity and pres- 
sure conditions are known: 


Example: 

Assume—A maximum hourly rate of flow 100 M. Cu. Ft. per 
Hour, an Outlet Pressure of 100 Lb., and an esti- 
mated minimum inlet Pressure of 250 Lb. 

—From Graph (Figure 4), Flow Factor = 133, there- 
fore “K” Factor required = 100 — 133 or .75 
It will be noted from table shown that a 2” regulator 
having 1” balanced valves will have ample capacity. 


Then 








Practical K Factors For Use In Determining Regulator Capacities 





K Factors 





Size Regulator 
“Average Values” 








2” (%" Balanced Valves) 43 
y od ( 3” “a “a ) 1 4 
2” (Std. ee 19 
9” ( ”“ ) 4.2 
a" (* ) 7.5 
6" ( “a ) 

8” ( “ 
10” ( o“ 
12” ( “ 
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INLET PRESSURE, PSIG 


Oct 


FLOW FACTOR 
—FIGURE 4— 





GUIDE FOR DETERMINING PRACTICAL 
PRESSURE CUT FOR SINGLE GAS REGULATOR 
And Number of Cuts Required for a Station 





Explanatory 
Case A: 
To determine the practical pressure cut 
for a 700 psig inlet pressure. 


1—Locate 700 psig inlet pressure on the 
left scale of the graph. 

2—Trace horizontally to the right to the 
curve and then trace vertically 
downward to the bottom scale. 
Read outlet pressure of 280 psig. 


PSIG 


Case B: 


To determine the number of cuts re- 
quired for a station where the inlet pres- 
sure is 700 psig and the desired outlet 
pressure is to be 20 psig. 


INLET PRESSURE, 


First cut—700 psig to 
280 psig. 

Second cut—280 psig to 
100 psig. 

Third cut—100 psig to 
20 psig. 
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NATIONAL API 
PLAIN END PIPE FOR OIL, GAS, AND GASOLINE LINES 


Ends Finished for Specified Couplers or Welded Joints 

This table is intended for the determination of sizes and 
thicknesses for long lines. It includes all sizes listed in Ameri- 
can Petroleum Institute Line Pipe Specification No. 5-L, 
tenth edition. 

“R” indicates regular sizes and weights, which can be fur- 
nished most readily; sizes and weights indicated by “L” are 
not reguiarly available for immediate shipment. It may not 
always be possible to consider the manufacture of these items 
in small quantities. 

The permissible variation in weight for all the pipe is in 
accordance with the API Specification. The weights indicated 
by the letter “R” will not vary more than 312 per cent under 
or 10 per cent over that specified and the lighter weights (in- 
dicated by the letter “L”) will not vary more than 5 per 
cent under or 10 per cent over that specified. 

The working pressures with safety factors are given for 
Grade A seamless and for Grade B seamless. To obtain the 


By permission, from “Oil Country Tubular Products.’ Copyright 1948. 
National Tube Company. 


working pressure for other factors of safety, multiply the 
pressure shown by the given safety factor and divide by the 
safety factor desired. 

Barlow’s Formula was used in calculating the listed work- 
ing, test, and bursting pressures: 


t 
P= 2f — 
j D 
D = outside diameter of pipe—inches; 
t = nominal thickness of wall—inches; 
P = internal pressure—pounds per square inch; 
f = fiber stress—pounds per square inch. 


When plain end pipe is ordered beveled for welding, caulk- 
ing, or other purposes, it is understood that the angle speci- 
fied is to be measured from a line drawn perpendicular to 
the axis of the pipe, which means that a greater amount of 
material is removed with a 60-degree angle than with a 30- 
degree angle. Unless otherwise specified, pipe ordered for 
welding will be beveled 30 degrees. 
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* Values indicated are non-API. 
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PIPE-PROTECTION MATERIAL 


Twelve summary points of considera- 
tion in the selection of a material for un- 
derground pipe protection, viewed with 
respect to job requirements, are: 


1. 


2 


. It should be non-absorbent and im- 


. It should possess good dielectric 


. It should be completely resistant to 


. It shou'd remain flexible at all tem- 
. Soil stress 


. Application should be simple, with- 


. It should 


. It shou!d be able to withstand rough 


. It should be quick setting and fast 


. It should provide permanent protec- 


. The coating must be resistant and 


CONSIDERATIONS IN i 
SELECTION OF 


The material must adhere tena- 
ciously to the pipe. 


pervious to water, moisture vapor, 
etc. 


qualities. 


mineral acids, a'kalies, salts, pe- 
troleum oils, and refined products 
such as gasoline and naphtha. 


peratures. 


and pipe movement 
shou'd not affect it. 





out unwieldy equipment, and pref- | 
erably without heat and primer. | 
resist penetration by | 
stones, wires, welding rod scraps, | 

and other sharp materials found in| 
the ditches and backfill. 


handling without damage. 
drying. 


tion to the pipe, yet not be prohibi- 
tive in cost. 


impervious to micro-organism at- 


tack. | 
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WEIGHTS OF MECHANICAL JOINT PIPE FOR GAS 
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“Carboseal”* anti-leak is a product made by Carbide and Car- 
bon Chemicals Corp. and widely sold for correcting leakage in 
bell and spigot joints in cast iron systems distributing dry gas. 

Gases inherently dry are: 

(a) Natural gas. 

(b) Hydrocarbon gases such as propane and butane with or 
without air carburetion. 

(c) Manufactured gas passed through transmission lines at 
high or intermediate pressure and distributed at low pressure 
through district governors in the same system. 

(d) Manufactured gas which has been compressed for trans- 
mission at high pressures to neighboring communities for low 
pressure distribution. 

(e) Mixed manufactured and natural gas. 

The problem presented by increased joint leakage attendant 
upon the substitution of dry gas’\for wet was recognized many 
years ago and various means were adopted for correcting this 
condition: 

(a) A method reported to be entirely satisfactory by many 
companies consists of applying a leak clamp at each joint after 
properly preparing the face of the bell to receive the clamp. This 
involves expensive excavation and repaving costs in addition to 
the cost of the clamp itself. 

(b) Rehydration. Dry gases stored in water-sealed holders pick 
up some water and the send-out may be partially saturated par- 
ticularly in the summer months. Any benefit secured from this 
water vapor is probably restricted to mains within a limited radius. 

(c) Oil fogging. Oil fogging has been adopted alone or in con- 
junction with rehydration in many systems. The principal claims 
for oil fogging are that it postpones drying out of the packing in 
bell and spigot joints following a changeover, prevents the forma- 
tion of, and lays, dust in the system and postpones drying out of 
leather meter diaphragms where the original dressing oils have 
been leached out by condensable hydrocarbons present in “wet” 
gas formerly distributed. 

“Carboseal” weighs approximately 9.2 lb. per gal. The liquid 
has solvent properties for tar and gum and penetrates the packing 
material readily, swelling it approximately 45 per cent by volume. 
It will climb to a vertical height of 24 in. in a joint. 

The liquid has a high boiling point and a very low vapor pres- 
sure. Tendency to evaporate is negligible because of these proper- 
ties and because the liquid is absorbed intimately into the jute 
fibres where the swelling action is produced. This material has 
been variously estimated by users to have a permanency of at 
least ten to twelve years. The components of the material are 
inherently non-corrosive. Inhibitors have been added to provide 
corrosion protection. 

The most widely used method of applying the antileak is to 
insert it at the high points in the system, recovering for re-use the 
excess material which flows by gravity into the drips. Filling sta- 
tions at the high points can be established by drilling and tapping 
the main. Theoretically, the amount required to treat a mile of 
3-in. main or its equivalent is 265 lb. This quantity will saturate 





*The word “Carboseal” is a registered trade-mark of Carbide and 
Carbon Chemicals Corporation. 


“CARBOSEAL” ANTI-LEAK 








the packing, fill all the voids, and coat the entire inner surface 
of pipe which is free from dust and rust deposits. Actual exper. 
ence over a period of years indicates that due to the presence of 
such factors as sags and dust in the main, the average total 
quantity required is 450 lb. per mile of 3-in. main or equivalent, 
The total cost of treatment including the liquid required, labo; 
and materials, runs from $82 to $600 per mile of 3-in. equivalent 
with the weighted average in the neighborhood of $300 per mile, 

On a project where it is proposed to treat a very old bell and 
spigot joint cast iron main, one should first excavate and then 
secure some yarn from old joining material. This yarn should be 
tested for its capillary attraction qualifications. If found to have 
lost most of its capillary attraction and does not absorb and carr 
the “carbosealing” liquid material, the gas joint leaks may not be 
stopped when the main is treated with Carboseal. On the other 
hand, should the capillary attraction be good, the leaky gas main 
joints will probably be stopped upon treatment with this material 


















RESISTANCE OF PIPE FITTINGS TO 
FLOW EQUIVALENT FEET OF 
STRAIGHT PIPE 


Steam—Air—Gas 
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% | 0 824 0.44 0.67 0.73 1.2 1.6 18 23 36 
1 1.049 0.57 0.77 0.08 1.6 2.1 23 3.1 47 
1% 1.380 0.82 11 14 2.2 2.9 33 44 65 
1% 1.610 0.98 13 16 26 3.5 39 $2 78 
2 2.067 1.3 1.7 2.2 36 48 53 71 10.6 
2% 2.469 1.6 2.2 2.8 44 58 66 8.7 13.1 
3 3 068 21 2.8 36 5.7 7.7 85 | 4) 171 
4 4.026 3.0 3.9 5.0 7.9 10.7 11.8 15.8 37 
5 §.047 3.9 $1 65 10.4 139 15 5 20.7 | 310 
6,065 4.8 6.4 8.1 12.9 17-4 193 236 385 
\8 7.981 6.7 89 11.2 17.9 24.1 26.8 356 | 53.8 
td] 10.020 8.8 11.5 4.7 23.4 31.5 35.0 | 46.6 | 70.0 
B 12.000 10.9 M4 18.4 29.3 39.3 437 $8.1 874 
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Based on Foster’s formula L = 43.7 r. d.** 
in which L = equivalent length straight pipe in feet 
r = resistance factor 
d= diameter of fitting in feet 
(A. S. M. E. Trans.) 
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\ ELDING—PIPE LINES (OIL AND GAS) 


[ ie simplicity, speed and high quality of arc welding 
has -esulted in almost all cross-country pipe lines being 
completely welded. 

Following is a general description of modern practice in 
the construction of oil and gas lines, using the plain end 
joint with liner for gas lines, and the plain end joint with- 
out liner for oil lines. 

Where so called “roll welding” of pipe sections can be 
done, out in front of the entire construction gang goes the 
lineup and tacking crew. Aided by a tractor and hoist, 
they put the pipe lengths on ball-bearing dollies for roll- 
ing. The tack welder tacks the adjacent lengths of pipe 
together usually at four points in the circumference. He 
joins as many lengths as the nature of the line and the 
ontour of the country will permit. The long tack-welded 
section is then left on the dollies ready for the firing line 
welders who follow close behind. 

In recent years, the “stove-pipe” method has come into 
idest use, especially for lines over rough terrain where 
oll-welding of long sections is difficult. It is also used 
over fairly smooth or rolling country. Here, all joints 
(usually plain end without liner) are position-welded 
ike bell-hole joints. One joint at a time is added to the 
ine, making it possible to reduce the size of the crew and 
amount of equipment, and keep operations bunched to- 
pether under one supervisor. During alignment and tack- 
ng, the joint is usually held in place by a line-up clamp 
pr “grasshopper.” After tacking, two bell-hole welders 
ork simultaneously on both sides of the joint, making 
he complete first bead, each welder coming down from 
he top. 
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j The wall thickness of the pipe for river crossings is 
> 4 . 
: penerally 50% to 100% greater than that used in the rest 
d bf the line. The pipe is roll-welded and bell-hole welded 
- nto a section long enough to cross the river. Each joint is 
00 bften reinforced by a welded-on sleeve. Special river 
22 lamps, four to ten feet long and weighing 1000 to 3000 
8 bs. each are often bolted to the pipe at intervals, serving 
7 hs a means of anchoring. The pipe section is then attached 
6 by cable to tractors and pulled onto pontoons from which 
rs t is guided by stakes into a dredged out ditch in the river 
0.6 
3.1 
7.1 
sie RECOMMENDED SIZES OF ELECTRODE FOR PipE LINE WELDING 
10 - — ‘oo 
8 5 Position Welding 
3.8 Without Back-Up 
10.0 Roll Welding Ring “Stove Pipe” 
a Without Back-Up Ring or “Tie In” Method 
wind Stringer Second Third Stringer Second Third 
Ize Bead Bead Bead Bead Bead Bead 
4° 5/32” 3/16” 1/4” ter Ste ee 
feet 6” 5/32” 1/4” 1/4” Sj3se Bian. afie’ 
8" 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
0” 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
2” 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
4° 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
6” 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
8” 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
0” 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
2 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
4" 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
6” 5/32” or 3/16” 1/4 ” 1/4” or 5/16” 5/32” 5/32” 3/16” 
0” 5/32” or 3/16” 1/4” 1/4” or 5/16” 5/32” 5/32” 3/16” 
osi!on welling with back-up ring: Use 3/16” rod for all beads 
na’ sizes of pipe. . 
ote. Use 3/16” electrode on additional beads when necessary. 
1, 1953 
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bottom. It is usually buried at a minimum depth of eight 
feet. 

The welding speed data in the accompanying tables are 
based on the average time consumed in making all welds 
on an average length pipe line from start to finish of the 
job, including delays, outages and moving time. In other 
words, it is the average production that can be expected 
per joint per hour on pipe line construction except where 
otherwise noted. 


AVERAGE SPEEDS FOR Pipe LINE WELDING 








Position Welding Without 
Back-Up Ring 
(After Ist Bead Run By Tackers) 
Size Average Welds Per Hour Average Welds Per Hour 
6.5 
0 


Roll Welding Without 
Back-Up Ring 
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Note: Roll and Position Welding Without Back-up Ring: For all 
sizes of pipe use a space of 1/16” to 1/8”. 


POUNDS OF ELECTRODE PER WELD* 


Size Pipe Pounds 
6” .75 
8” 1.00 

10” 1.25 
12" 1.50 
14” 1.75 
16” 2.00 
18” 2.25 
20” 2.50 
22” 2.75 
24” 3.00 
26” 3.25 
30” 4.00 


} 
| 
} 
| 


* Based on 1/4” to 5/16” wall thickness pipe. 


The firing line crew, including several welders, com- 
pletes the welds of the long sections. These operators weld 
at the top of the pipe while a helper turns the pipe by 
means of a chain pipe wrench. Thus, all welding is done 
in a flat, downhand position, and by using large-size elec- 
trodes (1/4”, 5/16” and sometimes 3/8”) and heavy 
welding current, high welding speeds are obtained. After 
completion of each bead, a helper cleans all of the slag 
from the weld. Each completed weld is inspected for any 
imperfections before the welder proceeds to the next 
joint. When the section is entirely welded, the pipe is 
rolled off the dollies and the pipe sections are painted and 
then joined into a continuous stretch by “bell-hole” weld- 
ing. 

This pipe is placed on timber skids near or over the 
trench and, in this position, it is “bell-hole” welded. Here, 
instead of having the pipe rolled beneath the arc, the op- 
erator plies the arc around the pipe. For these welds, he 
uses smaller sized electrodes (5/32” or 3/16”) with 125 
to 200 amperes. 
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REQUIRED WATER HEATER CAPACITIES 


Capacity of Hot Water Equipment Needed to Supply Fixtures in Various Types of Buildings 
Gallons Per Maximum Hour 





, Apt. Hos- Indst. 
Fixture i pital Plant 


Wash Basin (Private)... |: 3 3 
Wash Basin (Public)... 10 15 

th Tub ; K 15 30 
30 


‘a 








Laundry Tub (Stationary). 
samo © on Seneputiondh 
Pantry Sin 
Shower 


300 


lons per| hour fo 


% of Total Water apm be 
drawn in one hour. . 30 70 
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Buenger, A. Joura AS.H.& VE., 











APPROXIMATE FUEL CONSUMPTIONS FOR WATER HEATING 








Fuel Consumption per Month 
(Based on a Daily Draw of 
Typical Overall 50 Gallons, or 1500 Gallons o/ 
Fuel B.t.u. in Unit as Sold Efficiency Hot Water Monthly) 





Gas: 
Manufactured 530 B.t.u. per cubic foot 68-61% 2690-2940 cubic feet 
Natural 1100 B.t.u. per cubic foot 68-61% 1350-1475 cubic feet 
Mixed Varies with mixture 68-61% Consult local company 


Electricity 3412 B.t.u. per K.w.h. 86-74% 340-390 K.w.h. 


Oil: 
Summer 138,000 B.t.u. per gallon 20—- 8% 36-87 gallons 
Winter 138,000 B.t.u. per gallon 45-20% 16-34 gallons 


Kerosene 136,000 B.t.u. per gallon 40-25% 18-28 gallons 


Coal: 
Indirect Heater 12,000 B.t.u. per pound 27-24% 305-350 pounds 
Furnace Coil 12,000 B.t.u. per pound 28-24% 302-348 pounds 
Pot Stove 12,000 B.t.u. per pound 17-13% 504-656 pounds 








CAPACITY OF PIPE MULTIPLIERS 


Cubic feet of gas per hour 0.3” pressure drop; 0.6 spec. gr. To convert gas flow at 0.6 spec. grav. to flow at another gravity 








Length Specific Gravity Multiplier 


Diameter of Pipe 





———-- - Inches -—_—___—________- 
i 14% 144 2 3 a 





750 1,220 2,480 6,500 13.880 

241 535 850 1,780 4,700 9.700 
199 435 700 1,475 3,900 7,900 
380 610 1,290 3.450 6,800 

345 545 1,120 3.000 6,000 

310 490 1,000 2,700 5,500 

285 450 920 2,450 5,100 

270 420 860 2,300 4,800 

242 380 780 2,090 4.350 

225 350 720 1.950 4,000 

205 320 660 1,780 3,700 

190 300 620 1,68C 3,490 

178 285 $80 i.580 3,250 

309 170 270 545 1,49C 3,000 


ot Ado 4 dase: 











With permission, ‘Water Heater Manual.” Copyright 1953, American Gas Association. 
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RAPID SURVEY METHOD OF GAS REQUIREMENTS AND COSTS 


In mariy of its phases, the selling of gas heat is very much like 

ther specialty selling where the cost of the item or of the service 

to be furnished depends on the particular conditions surrounding 
the individual prospect. 

The estimate of annual operating cost for one prospect may 
figure only $50.00, whereas that for another would be $500.00. 
When the one in the $500.00 class first makes inquiry about gas 
heat, his interest may be based on thinking in terms of $50.00. 
Likewise, the one who is in the $50.00 class may not have exhibited 
any interest, because he was thinking in terms of $500.00. 

A method, therefore, whereby the salesman in the field can 
figure the estimate with reasonable accuracy and in just a few min- 
utes time, is of great assistance in qualifying prospects. Such a 
method can be made sufficiently accurate to justify the salesman 
in attempting to close the order on the basis of the rapid survey 
method. If successful, then before the installation is made, his 
engineering department, if it so desires, can make a more elaborate 
survey and estimate. This can be done as if it is merely a part of 
the usual installation routine, so that the customer’s confidence in 
the salesman is not affected in any way. Should this detailed sur- 
vey show any glaring discrepancies, the matter can be taken up 
with the customer in advance of installation, so that no one will 
be unfavorably affected. 

To show how such a rapid survey can be developed, the starting 
point is the formula used by heating engineers in figuring the sea- 
sonal operating cost to take care of any given area of wall, ceiling, 
or floor. 


FORMULA 


(Heat loss in Btu per Hour) 
Area x Heat Transfer x Temp. x Hrs. x Degree x Gas Rate in Cts. 
Coefficient Rise Heated Days Per M Cu. Ft. 


Temperature x Btu Heat x Efficiency x 1000 x 100 
Rise Content 


= Season’s Operating Cost in Dollars for that Area 





While there are many factors in the long formula, examination 
will show that for any certain type of construction practically all 
of them are constant for any given territory. The coefficient of any 
certain material is always the same—the temperature rise is nearly 
always figured at 70 degrees—the temperature differential between 
basement and house interior 20 degrees—and between interior and 
attic 35 degrees—the number of hours per day is always 24—the 
number of degree days for any given territory is regarded as a con- 
stant—the gas rate and the Btu content are constant for a territory. 
While the efficiency factor may vary slightly with different types of 
equipment, an average efficiency of 75 per cent can be used for 
reasonably accurate results. This means that all of the factors in 
that long formula can be condensed for any territory into one 
single factor for each type of construction. Then it is simply a case 
of multiplying the given area by one factor instead of working out 
the entire formula shown above. 

Another point of simplification is to measure the house as a 
whole rather than to measure the individual rooms. It is simple 
for the salesman to compute the volume by measuring the width, 
height, and depth of the house. Naturally, if the prospect states 
that certain rooms have not been heating satisfactorily with the 

ld furnace equipment, then individual rooms should be measured 


With permission, from Surface Combustion Corp. 
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and duct work or radiation checked. Just as in the case of figuring 
the heat loss through the walls, ceiling, or floor, this volume can 
be multiplied by a single constant to determine the seasonal op- 
erating cost for offsetting loss by infiltration. 

With the above thought in mind, a single factor, which for pur- 
poses of clarity in explaining is called factor “F,” has been worked 
out for the most commonly encountered types of construction. To 
convert this factor “F” into the correct constant for any territory, 
it is only necessary to multiply it by a certain multiplier, desig- 
nated as “M,” with “M” being determined as follows: 


M = Local Degree Days & Average Local Heating Rate in Cents 
per M/Cu. Ft. 


Btu Content of Local Gas 
or 








M = Local Degree Days X Rate per Therm in Cents 
100,000 








The following table gives the factor “F” for the most usual types 
of building constructions. Figure local multiplier, “M,” as out- 
lined above, multiply M by F and then it is possible to fill in this 
table with the local constant which will be used in figuring the 
seasonal operating cost to offset the heat loss through any given 
area of wall, ceiling, or floor. 





Final 
Constant 


Factor 
Type of Material id 

RE Spee eee 0.000352 
PRUE as bn 5 thos cnsnecd 0.000143 
Walls: 

8” Brick, Sheathing, Stud, L&P.0.000085 

Stucco, Wood & Plaster...... 0.000099 

Stone, Tile, Furred, L&P. . . . .0.000077 

Clapboards, Studding, L&P.. .0.000080 
Floors: 

Wood Floor. No Ceiling Below .0.000042 

Double Floor. L&P Below. . . .0.000022 
Ceilings: 

Plaster Board & Plaster. . . . . .0.000098 

Rigid Insulation & Plaster. . . .0.000056 
Roofs: 

Tile or Slate on Wood... .... .0.000179 

Shingles, Sheathing, Stud, L&P.0.000102 
Volume: 

To offset air infiltration > 

One air change per hour... . . .0.0000058 

One and one-half air changes. .0.0000087 

Two air changes per hour. . . . .0.0000116 


Multiplier 





Note: For any wall construction not listed above which may be 
found to be common in the locality, the factor “F”’ may be ob- 
tained by: 

Coefficient of Transmission < 0.00032 = F 


After the above final constants for the territory have been 
worked out, it is recommended that they be printed on a survey 
card arranged along the lines of the one reproduced here. The re- 
verse side of the card can carry the usual general information as 
to the prospect’s name and address, date of survey, and the like. 











Suggested Form For Rapid Survey Method 





Operating 
Cost Per 
Season 


Material Local 
Factor 
Glass: Single 
Glass: Double 
Walls (Net): 8 Bears 
Stucco, Tile & Plaster....... 
Stone, Tile, Furred, L&P.... 
Clapboards, Studding, L&P... 


Volume 
Infiltration: 1 air change per hr. . 
1% air changes per hr. . 
2 air changes perhr....... 


Tota] Operating Cost PerSeason .... $ 





If Btu. heat loss per hour is desired, 
use formula = 218,750 X Season’s Cost 
M 





HEAT DELIVERY OF 
SPACE HEATING 
EQUIPMENT 


Steam: 1 sq. ft. cast iron radiation=240 Btu/hr. (2 Lb. 
steam 70° F. room temp.) 


Hot Water: 1 sq. ft. cast iron radiation =150 Btu/hbr. 70° F. 
Room Temp. 


Forcep Hot Water: | sq. ft. cast iron radiation =200 Btu/hr. 
(70° F. Room Temp.) 


Gravity Warm Arr: 18q. in. of basement duct (175° F. register 
temperature) 


=110 Btu/hr. on first floor 
= 166 Btu/hr. on second floor 
=200 Btu/hr. on third floor 


Forcep WaRM AIR: The following formula gives the heat delivered 
at the register of a forced warm air heating system. 


H=AXVxX60XWxXSX (ta—tr) 


Symbols: 


H =Heat delivered in Btu per hour. 

A=Net area of discharge register in sq. ft. 

V=Velocity of air leaving register in ft. per minute. 

W =Weight of air at temperature ta in pounds per cubic foot. 

S=Specific heat of air in Btu per pound per degree F. at 
temperature ta. 

ta=Temperature in degrees F. of air leaving register. 

tr=Temperature in degrees F. of space being heated. 


With permission, “Surface Combustion 
Industrial Heating Handbook.” 


Example 


CONDITIONS 


Assume the following conditions for the computation of th: 
seasonal operating cost in a home: 
Two and one-half story residence 
Walls: 8” brick, lath and plaster inside over sheathing 
Ceilings second floor: Plaster board and plaster 
No flooring in attic 
Floors: Frame construction, single thickness 
Single glass windows 
Air changes per hour: 1 
Gross wall area: 
First floor, 1300 sq. ft. 
Second floor, 1150 sq. ft. 
Glass area: 
Windows and doors 
First floor, 190 sq. ft. 
Second floor, 130 sq. ft. 
Area second floor ceiling: 1010 sq. ft. 
Area first floor: 1010 sq. ft. 
Cubical contents: 
First floor, 9100 cu. ft. 
Second floor, 8700 cu. ft. 
Degree days 6000 
Gas rate 40c/M cu. ft. 
Btu content 530 


PRELIMINARY 
M = 6000 x 40 = 453 
530 





Final constant for glass area 
Final constant for wall area 
Final constant for floor area 
Final constant for ceiling area 
Final constant for infiltration 


SOLUTION 
320 square feet glass area .159 
2,130 square feet wall area .0385 
1,010 square feet floor area .019 
1,010 square feet ceiling area .044 
17,800 cubic feet infiltration .0026 


.000352 X 453 = .159 
000085 xX 453 = .0385 
.000042 xX 453 = .019 
-000098 X 453 = .044 
-0000058 & 453 = .0026 


$ 50.88 
82.00 
19.19 
44.44 
46.28 


Hou uu 


$242.79 


American Gas Journal, October 1, 195: 





COMPARISON OF GAS AND ELECTRICITY IN COMMERCIAL COOKING 


making a study by the replacement 
of the commercial cooking equip- 
ent in Alfonso’s Restaurant in Wash- 
eton, D. C., where a careful record 
as kept of operating conditions, meals 
rved and utility consumptions. As a 
sult, replacement factors for gas and 
ectricity in a typical commercial cook- 
ing establishment were obtained, that 
were based on long periods of practical 
operation under identical conditions. 


[ ma opportunity was provided for 


Results of study 


NEW GAS EQUIPMENT VERSUS NEW 
ELECTRIC EQUIPMENT 

Electricity used for cooking during 
the months, October, 1946 — through 
July, 1947: 116,190 kwh. 

Gas used for cooking during the ten 
months from October, 1947, through 
July, 1948, totaled 5,434 therms. 

Electric cooking equipment having a 
rating of 82.8 kw added 45.15 kw to the 
maximum demand, which amounted to 
54%, of the connected load. 


When electricity was used for cook- 
ing, average monthly consumption: 

Cooking only 11,619 kwh 

Lights andother uses 3,601 kwh 


Total for all purposes 15,220 kwh 


electric 
cooking 


Maximum 
(Connected 
82.8 kw) 

Cooking only 45.15 kw 
Lights and other uses 14.75 kw 


billing demand 
load of kitchen 


Total demand 59.90 kw 


When gas was used for cooking: 
Average monthly consumption of gas 
for cooking 543 therms 
Average monthly consumption of elec- 
tricity for lights and other uses 3601 kwh 
Maximum electric billing demand for 
lights and other uses 14.75 kw 


Che data obtained in this study furnish 
authentic replacement factors indicating 
the relative consumptions of gas and 
electricity for commercial kitchen op- 
eration, typified by Alfonso’s Restaurant: 





1 000 CU. FT. 
HEATING ARE 
VALUE EQUIVALENT 
OF GAS TO THIS 
BTU MANY KWH 


112.1 
o33 
181.9 
PA EDF 
235.1 
534.0 


1 KWH IS 
EQUIVALENT 
TO THIS 
MANY CUBIC 
FEET 


8.90 
8.65 
5.50 
4.68 
4.25 
1.87 


1.371 Btu of gas are equivalent to 1 Btu 
of electricity 

.0468 therms of gas are equivalent to 1 
kwh of electricity 

| therm of gas is equivalent to 21.4 kwh 
of electricity 


525 
540 
850 
,000 
1,100 
2,500 


These factors are based upon actual 
amounts of gas and electricity used for 
cooking purposes without correction for 
the difference in the number of meals 
served, although this results in a slight 
benefit to electricity. Actually, 1% more 
meals were cooked with gas. 

“A Comparison of Gas and Electric Usage for 
Commercial Cooking,’ American Gas Association. 





RELATIVE COST OF GAS AND ELECTRIC 


The conclusions reached by the American 
Gas Association in their Bulletin No. 6 are as 


follows: 


Item Scope of Test 


Top burner performance 


Oven performance 


Week’s menu (upper income) 


1.9 X 3413 


525 


Energy 
Ratio 
1,532 
2.624 
2.077 


Week’s menu (limited income) 1.799 


Food for Infant 


Accepting an energy ratio of 1.9 the fol- 
lowing formula will facilitate calculators: 


1.9 X 3413 


B.t.u. of Gas 


= cu. ft. of gas equivalent to 1 Kwh. 


Cost per > Kwh., 
Cents 


1.754 


cn > 9940 9000 = 
COMNSCUoOUS 


COOKING 


= 12.35 cu. ft. of gas equivalent to 1 Kwh. 


With the foregoing as a basis, the tabulation 
below represents the 
per Mctf. for electricity at different costs per 
Kwh., fuel cost only — considered on a 
1.9 energy ratio. 


“break even” gas cost 


Break-even Cost pér Mcf. 
B.t.u. €. Gas per Cu. Ft. 
525 75 

$0. on $0. HH 
1.2 1.37 
162 1.70 
2.02 2.12 
2.42 2.54 
2.83 2.97 
3.24 3.40 


4.04 4.24 





in which if 525 Btu. per cu. ft. of gas is being 


burned, then by substitution 





COMMERCIAL COOKING AND BAKING FUEL REQUIREMENTS 


In Btu per meal served 





Class ity 


Electric- 


Gas 


Oil 


Coal 





Clubs, First Class........| 4,270 
Hotels, First Class 
Cafeteria, First Class 
Institutions. . 


Hospitals 


College Mess Halls 


8,280 
6,620 
4,080 
3,340 
2,490 

935 


3,415 
2,140 
1,708 
1,280 

482 











11,450 
9,200 
5,670 
4,630 
3,450 
1,300 


15,750 
12,650 
7,800 
6,360 
4,750 
1,785 








Steam tables, coffee urns, hot water, dish washing, etc. 


adds 30 to 50% to the above figures. 


With permission, “Surface Combustion 
Industrial Heating Handbook.” 





\ctober 1, 1953, American Gas Journal 








INDUSTRIAL HEATING OPERATIONS 


Materials, operations and approximate temperature range 





MATERIAL 


Operation 


Approx. 
Temp. 
Range (°F) 


MATERIAL 


Operation 


Approx. 
Temp. 
Range (°F) 











Aluminum Alloy 
Aluminum Alloy 
Aluminum Alloy 
Aluminum Alloy 
Aluminum 

Aluminum Alloy 
Antimony 


Asphalt 


Babbitt 
Brass 

Brass 

Brass 

Brass, Yellow 
Brass, Red 
Bread 

Brick 


Brick, Refractory 


Bronze, 5% Alum. 


Bronze, Man. 
Bronze, Phos. 


Bronze, Tobin 


Cadmium 
Cake (Food) 
Calcium 
Calender Rolls 
Candy 

Cast Iron 
Cast Iron 
Cast lron 
Cement 
China 

Clay, Refrac. 
Cobalt 
Coffee 

Coke 

Cookies 
Copper 
Copper 
Copper 
Copper 


Cores, Sand 








(ging 


Annealing 


| Forging 


Heat Treating 


| Melting 
| Die Casting 
Melting Point 


Melting 


| Melting 


Annealing 
Extruding 


Forging 


| Melting 
Melting 
| Baking 

| Burning 
Burning 
| Melting 


| Melting 


Melting 


| Melting 


Melting Point 
Baking 
Melting Point 
Heating 
Cooking 


Annealing 


| Malleablizing 
Vitreous Enameling 
| Kiln Firing 

| Glazing 


| Burning 


Melting Point 


Roasting 


| By-Product Oven 


Baking 


Annealing 


| Refining 
Melting 
| Smelting 


Baking 








250-460 

450-775 
750-900 
310-1000 
1200-1400 
1250-1400 

1166 
350-450 


600-800 
600-900 
1400-1450 
1200-1400 
1705 
1830 
300-500 
1800-2600 
2500-3000 
1940 
1645 
1920 


1625 


610 
300-350 
1562 
300 
225-300 
1600-1700 
1650-1800 
1200-1300 
2800-3000 
1500-1900 
2200-2600 
2714 
600-800 
1830-2730 
375-450 
800-1200 
2100-2600 
2100-2300 
2100-2600 
250-550 











Cupronickel, 15% 


Cupronickel, 30% 


Electrotype 


Enamel 


| Everdur 1010 


Frit 


Glass 


Glass 
Glass, Bottle 
Glass, Flat 


Gold 


Iron 
Iron, Malleable 


Iron, Malleable 


Japan 


Lacquer 
Lead 
Lead 


Lead 


Magnesium 


Magnesium 


| Magnesium 


Magnesium 


| Meat 


| Mercury 


Molds, Foundry 


| Molybdenum 


Monel Metal 
Monel Metal 


Muntz Metal 


Nickel 
Nickel 


Palladium 
Phosphorous, Yellow 
Pie 


Pigment 





Melting 
Melting 


Melting 
Baking 
Melting 


Smelting 


Annealing 


Melting, Pot Furnace 





2150 
2240 


740 
250-450 
1865 


2000-2400 


800-1200 
2300-2500 


Melting, Tank Furnace) 2500-2900 


Melting, Tank Furnace) 2500-3000 


Melting 


Blast Furnace Tap. 
Melting 


Annealing 
Baking 


Drving 
Melting 
Blast Furnace 


Refining 


Aging 

Heat Treating 
Melting 
Superheating 
Smoking 
Melting Point 
Drving 
Melting Point 
Annealing 
Melting 
Melting 


Annealing 


Melting 


Melting Point 
Melting Point 
Baking 


Calcining 





1950-2150 


2500-2800 
2400-3100 
1500-1700 


300-450 


150-200 
620-750 
1650-2200 
1800-2000 


350-400 
730-760 
1250-1300 
1450-1650 
100-150 
-38 
400-750 
4757 
1100-1480 
2800 
1660 


1100-1480 
2650 


2829 
111 
500 

1600 








(Continued on next page) 


American Gas Journal, October 1, 195. 

















INDUSTRIAL HEATING OPERATIONS 


Materials, operations and approximate temperature range 


(Continued) 





MATERIAL 


Operation 


Approx. 
Temp. 
Range (°F) 


| MATERIAL 


Operation 


Approx. 
Temp. 
Range (°F) 





Platinum 
Porcelain 
Potassium 
Potato Chips 


Primer 


Silicon 
Silver 
Sodium 


Solder 


STEEL 


Steel, Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet, Tin Plate 
Sheet, Tin Plate 
Sheet, Tin Plate 


Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
| Steel 
| Steel 
| Steel 


; Steel 

















Melting 


Burning 
Melting Point 
Frying 

Baking 


Melting Point 
Melting 
Melting Point 


Melting 


| Blue Annealing 


Box Annealing 
Bright Annealing 
Job Mill Heating 


| Mill Heating 

| Open Annealing 

| Tin Plating 

| Vitreous Enameling 
| Box Annealing 


| Hot Mill Heating 


Lithographing 


Bessemer Converter 
Calorizing 
Carburizing 

Case Hardening 
Cyaniding 
Drawing Forgings 
Drop Forging 
Forging 
Form-Bending 
Galvanizing 

Heat Treating 


Lead Hardening 


| Melting, Open Hearth 
| Melting, Electric Furn. 


| Normalizing 


Rolling 


| Soaking Pits 
| Upsetting 
| Welding 





3224 
2600 
145 
350-400 
300-400 


2606 
1750-1900 
208 
400-600 


1400-1600 
1500-1700 
1250-1350 
2000-2100 
1800-2100 
1500-1700 
650 
1400-1650 
1200-1650 
1800-2000 
300 


2800-3000 
1700 
1500-1700 
1600-1700 
1400-1800 
850 
2200-2400 
1700-2150 
1600-1800 
800-900 
700-1800 
1400-1800 
2800-3100 
2400-3200 
1650-1900 
2300 
1900-2100 
2000-2300 
2400-2800 


|| Steel Bars 

] Steel Billets 

|| Steel Blooms 

| Steel Bolts 

| Steel Castings 

|| Steel Flanging 

| Steel Ingots 

|| Steel Nails 

| Steel Pipe 
Steel Rails 
Steel Rivets 
Steel Rod 
Steel Shape 
Steel Slabs 
Steel Spikes 
Steel Springs 
Steel Wire 


Steel Wire 


Steel Wire 


Steel, Alloy Tool 
Steel, Alloy Tool 
Steel, Alloy Tool 
Steel, Carbon 
Steel, Carbon Tool 
Steel, Carbon 
Steel, Carbon Tool 
Steel, Hi-Carbon 
Steel, Hi-Speed 
Steel, Hi-Speed 
Steel, Hi-Speed 

|| Steel, S.A.E. 


Tin 
Type Metal 


Type Metal 
Type Metal 


Varnish 


Vitreous Enamel 


Zinc 


| Zinc Alloy 
I 














Heating 
Heating 
Heating 
Heading 


| Annealing 
| Heating 


| Heating 


Blueing 
Butt Welding 


Hot Bloom Reheating 


| Heating 
| Mill Heating 


| Heating 


Heating 


Heating 


| Annealing 


Annealing 


Pot Annealing 


| Baking 


Hardening 


Preheating 
| Tempering 
| Hardening 
| Hardening 


I empering 


Tempering 


Annealing 


| Hardening 


Preheating 
Tempering 


Annealing 


Melting 


| Stereotyping 


| Linotyping 


Electrotyping 


Cooking 
Firing 


Melting 


Die Casting 








1900-2200 
2250 
2250 

2200-2300 

1300-1600 

1800-2100 

2000-2200 

650 

2400-2600 

1900-2050 

2000-2200 

1900-2100 

1900-2200 

2000-2200 

2000-2200 

1500-1650 

1200-1400 
1650 

300-350 


1425-2150 
1200-1500 
325-1250 
1360-1550 
1450-1500 
300-1100 
300-550 
1400-1500 
2250-2375 
1450-1600 
1000-1150 
1400-1650 


500-650 
525-650 
550-650 
650-750 


520-600 
1400-1700 


800-900 
850 





“Hauck Industrial Combustion Data.” Copyright 1953, Hauck Manufacturing Co. 
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FUEL CONSUMPTION OF TYPICAL FURNACES 


Brick, kilns: 
Hoffman continuous kiln 
Ruebon kiln 
Grates and trough 
Staffordshire kiln 
Buhrer continuous tunnel 


Btu/1000 Brick 
3,920,000-4,760,000 
5,880,000-9,240,000 
4,760,000-6,300,000 
4,760,000-6,300,000 
3,220,000-3,900,000 


Metal melting: Btu/Ton 

Iron and steel: 
Puddling 
Open-hearth 
Air furnace for malleable castings 

Copper, reverberatory 

Tin, smelting 

Rolling-mill furnaces: 
Busheling 5,600,000-7,000,000 
Billet heating ... 2,240,000-2,520,000 
Billet heating (4 by 4) 2,800,000-4,200,000 
Continuous furnace (cold billets) 1,500,000-2,250,000 
Continuous-bloom furnace ,400,000-2,100,000 
Reheating cold blooms ,960,000-2,800,000 
Soaking pits (hot to cold ingots) . 250,000-2,000,000 
Tire furnaces 4,500,000 
Wheel furnaces 8,400,000 
Sheet annealing .............. 800,000 
Tin-plate mill 500,000 


14,000,000 
3,000,000-6,500,000 
8,600,000 
4,200,000 
19,200,000 


Rivet making: 


Rivet-making furnaces 260,000 


Forging: 
Drop forging or bolt heating 6,000,000-7,000,000 


Ingot forging 4,000,000-5,000,000 
Ingot forging (regeneration furnace) 3,500,000-4,000,000 


Beass anncaling ............. 1,500,000-2,000,000 


Heat-treatment: 
Casehardening 
Quenching 
Tempering 


4,500,000-5 ,000,000 
2,000,000-3 ,000,000 
1,500,000-2,000,000 


By permission, “Chemical Engineers’ Handbook. 
Copyright 1950. McGraw-Hill Book Company. 


AVERAGE ECONOMY OF 
INDUSTRIAL FURNACES 
WITH GOOD OPERATION 





| Millions of Giicieac, 
| Bru per 
| Net Ton 


FERROUS PRODUCTS 


PROCESS —— 








Ingot heating, soaking pits 
Billet heating for forming Batch — 
In-and-out type 
Continuous non-recuperative 
Bar annealing, pit or car type 
Wire annealing — hood type, coils 
strand in lead 
strand, open fired 
stainless, catenary strand | 
Caustic pickle, stainless wire coils 
Wire temper, open heat, lead quench 
Wire patenting, strands 
Wire galvanizing, strands 
Wire tinning, strands 
Wire baking, coils, continuous 
Nail galvanizing, retort 
Nail blueing, continuous retort 





Tube reheating, sizing mill 
Tube annealing — Continuous, bright 
Batch, car type 
Tube normalizing, continuous roll-down 
Tube galvanizing 
Skelp heating, butt weld — batch 
continuous 


Slab heating, continuous recuperative 
Sheet bar heating — batch 
continuous 

Sheet and strip annealing, hood type — 

Carbon steels 

Alloy steels 
Strip annealing, continuous, coils 
Strip, bright annealing, strands 
Sheet normalizing, continuous, wasters 
Sheet galvanizing 
Nickle stainless sheet anneal, strands 
Caustic pickle stainless strip, continuous 
Nickle stainless sheet anneal, batch 





Enamelling — Cast iron, three coats, batch 
Flat ware, continuous 

Hardening, continuous conveyor type 

Drawing, continuous conveyor type 

Carburizing, boxes, continuous 

Carburizing, gas, continuous 

Annealing steel castings 


NON-FERROUS PRODUCTS 





Copper and brass — 
Billet or cake heating, continuous 
Wire annealing — coils, continuous 
strands, bright 
Sheet and strip anneal, continuous, pans 
Cartridge case anneal, continuous 





Aluminum — 











Billet heating | 





With permission, “Hauck Industrial Combustion Data.’ Copy 
right 1953. Hauck Mfg. Co. 


American Gas Journal, October 1, 195. 





COMPARISON OF REFRACTORIES 


Chemical Classification of Refractories’ 


Acidic refractories farang Fireclay 
Silica 
Basic refractories Magnesia 
Zirconia 
Amphoteric refractories.............. Alumina 
Neutral refractories............+++++.e. Chromite 
Graphite 
Carbon 
Carborundum and allied compounds 


1 A. B. Searle, “Refractory Materials.” 


GAS SAVINGS WITH 
PREHEATED AIR PHYSICAL CLASSIFICATION OF REFRACTORIES 


1. The heat salvaged by recuperation may be utilized by any 
of the following means depending upon the process involved 





Spallin Iron oxide 
S 1 ° 

P Bg slagging Remarks 
resistance 


Production may be increased because of the greater | strength resistance* 
quantity of heat available. | 


The volume of gas used for a given job may be de —a | High 
creased. Refractory PCE | temp 





. Temperatures of the furnace may be increased. : | | 


} | 
° Mathematical formulae is given below have been estab- Silica... ; 31-32 | Excellent! Sensitive below | Fair Widely used for sprung 


lished for calculating the possible gas savings and theoretical } on f : 

probable increase in production due to preheated air- | 600°C arches because 7 high-tem- 
perature strengt 
| 
| 


a. Formula for gas savings calculation 


4 
eS = a 00. 
» “650544 —. 


Fireclay........| Fair Fair Poor General purpose material. 


Depends on Inexpensive 

S =per cent ras savings manufacture | 

A. =heat in air, Btu per cuft. of gas ’ . l o- Ke 4 P 7 . 

G = Average gross heating value of gas per cu.ft High-alumina Above 38 | Properties improve with increasing AlzO; | } Used for more severe condi- 

Fo=flue loss above room temperature including latent Mullite........ 38 Excellent | Good | Good |? tions than fireclay will 

«heat of vaporization, Btu, per cu.ft. of gas | m 
b. Formula for calculating possible increase in production. | withstand 
> ; law 7 . , - , . 

S. = X 100 Magnesite. ..| 38 and Good Sensitive. Superior Expensive. Used in metal- 

: above Depends some- lurgical furnaces. High 

Se =percentage increase in work what upon heat capacity 
P =heat introduced by preheated air, Btu per br f 

above room temperature manufacture 


W,=heat absorbed by work with no preheat, Btu Indicated where both high- 
per br. 


. , . temperature strength and 
) sta , 9 > 

3. Experimental tests have verified the correctness of the Forsterite Over 32 Excellent | Good Excellent resistance to slagging are 
formula for 
needed 
‘ spats Chrome 38 and Good Fair to good, | Excellent be- | Less expensive and somewhat 
ee ee neutral or oxidizing furnace at- above depending on| low 2800°F. | less slag-resistant than mag- 

s iti > y, ; Ss , 
Flue gas temperatures from 1,400-2,500° F composition | Poor above| nesite. 7 ame general type 
and manufac-| that temp of applications 
ture 
Silicon carbide.. 37 to Excellent | Superior Fair to poor Expensive. Used in contact 
above 38 with flames and for indirect 

5. Gas savings in excess of 40 per cent have resulted when 


burning natural gas with preheated air at approximately 1,600° heat transfer, Abrasion-re- 
The practicability of air preheated in excess of that tem- sistant 

perature seems doubtful since the economic limit from the 

standpoint of investment for most installations would be 

vceede 





Natural and coke oven gases (or any city gas) 


Preheated air temperatures from §0-1,624° F 


4. From the results obtained it is concluded that the formula 
, 


given in (2) is correct for all industrial gas furnace applications 




















« Resistance to slagging does not always control uses and applications. See last column under 
With permission, ‘Surface Combustion Indus- Remarks and context of chapter. 
trial Heating Handbook.” 


By permission, from ‘Fuels, Combustion and Furnaces.” Copyright 1946. McGraw-Hill Book Company. 


REPRESENTATIVE FUSION TEMPERATURES OF 
REFRACTORIES 








Fusing Temp, °C, of 
Commercial Refractories 
Fused alumina. 
Pee 
Mullite 
Fireclay o ~¥E- .... 1500-1750 
Silica 1685-1800 
Silicon carbide ds 1800-2240 
2150-2165 
1850-2050 


By permission, from “Fuels, Combustion and Furnaces.” Copyright 1946. McGraw-Hill Book Company. 


Ictober 1, 1953, American Gas Journal 119 








STANDARD TWIST DRILL SIZES 





Designa- Diam, Designa- Diam, Area, Designa- Area, 
tion in. | in. tion in. sq in. tion i sq in, 





5000 

4844 | 0.1843 
4688 | 0.1726 
4531 | 0.1613 
4375 | 0.1503 


.03563 340 
.03431 42 
.03317 43 
.03269 44 
.03241 45 


-00690 
. 00687 
. 00622 
.00581 
.00528 


ososo 
cooco 


4219 | 0.1398 
413 | 0.1340 
4063 | 0.1296 
404 . 1282 
397 | 0.1238 


.03173 46 
.03110 47 
.03017 Sé4 
02940 48 
.02865 49 


.00515 
.00484 
.00479 
.00454 
.00419 


oooco 
coos 
cose 


3906 | 0.1198 
386 .1170 
377 | 0.1116 
375 | 0.1104 
368 | 0.1064 


.02806 50 
.02761 51 
.02688 52 
02602 Vie 
02545 53 


.00385 
.00353 
.00317 
.00307 
.00278 





coooo 
coos 
cooose 


3594 | 0.1014 
358 .1006 | 
348 09511 | 
3438 | 0.09281 

339 09026 


Co 


.02461 54 
1730 | 0.02351 55 
1719 | 0.02320 34 
1695 | 0.02256 56 
1660 | 0.02164 57 


.00238 
.00212 
.00173 
.001698 
.001452 


ooosoo 
° 
coocsd 


occ 


332 | 0.08657 
3281 .08456 
323 .08194 
316 .07843 
3125 .07670 | 


1610 .02036 58 
1590 .01986 59 
1570 | 0.01936 60 
1563 .01917 61 
1540 .01863 62 


.001385 
.001320 
.001257 
.001195 
.001134 





eesss 
ocoooo 
oooco 


302 | 0.07163 
2969 | 0.06922 
295 06835 | 
0.29 06605 | 
06213 


1520 | 0.01815 63 
1495 | 0.01755 | 64 
1470 | 0.01697 | 65 
1440 | 0.01629 | 66 
1406 | 0.01553 | 


.001075 
.001018 
.000962 
.000855 
. 000804 


ooo 


coocco 
eosoo 


to 
@ 
w 


06202 
06026 


1405 | 0.01549 | 
1360 | 0.01453 

05811 | 1285 | 0.01296 | 
05557 .1250 | 0.01227 | 
05542 | 1200 | 0.01131 | 


.000765 
.000755 
.000670 
.000616 
.000531 


a 


coo 





>a“ Ow 


— 
o 








o 


2 
2 
2 
9 
2 
2 
oR 
2 


ooooo 


o 
on 
oO 





05350 | 1160 | 0.01057 

05187 | 3 1130 | 0.01003 
04909 | | 0.1110 | 0.00968 
04753 | 3: 1100 | 0.00950 
04600 | 7 .1094 | 0.00940 


.000491 
.000452 
.000398 
.000346 
.000314 


Seo o> 


04449 5 .1065 .00891 y .000254 
04314 | .1040 .00849 f .000201 
04301 .1015 . 00809 0. .000191 
04083 } 0995 .00778 : 5 .000165 
03836 | | 0.0980 | 0.00754 . 000143 
03758 | | .0960 | 0.00724 

















Nore—Designations are in fractions of an inch, in standard twist drill letters, or in standard twist 
drill numbers, the latter being the same as steel wire gauge numbers. (Courtesy of AGA.) 


COLOR SCALE FOR TEMPERATURES 


(The following color scale permits a rough approximation of high temperatures) 





Color "C °F 





Lowest visible red 475 885 
Lowest visible red to dark red 475— 650 885-1200 
Dark red to cherry red..............| 650— 750 1200-1380 
Cherry red to bright cherry red......| 750— 815 1380-1500 
Bright cherry red to orange..........| 815— 900 1500-1650 
Orange to yellow 900-1090 1650-2000 
Yellow to light yellow...............| 1090-1315 2000-2400 
Light yellow to white 1315-1540 2400-2800 
White to dazzling white 1540 or higher | 2800 or higher 











With permission, from ‘Fuels, Combustion and Furnaces.” Copyright 1946. McGraw-Hill Book Company. 


American Gas Journal, October 1, 195.- 
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‘ Metallurgists and Chemists’ Handbook,’’ McGraw-Hill. 


‘Liddell, * 


PHYSICAL PROPERTIES OF METALS AND ALLOYS 


Specific gravity, weight and volume 





METAL OR ALLOY 


Weight 
Lbs. per 


Volume 





Cu. In. 


Cu. In. 
to 
1 Lb. 


Cu. Ft. 


Cu. Ft. 
to Ton 


METAL OR ALLOY 


Volume 





Cu. In. 
to 
1 Lb. 


Cu. Ft. 
to Ton 
2000 


Lbs. 








Aluminum, Cast 


092 


160.0 | 10.87 


Invar 








3.46 


4.00 





Aluminum, Sheet 


166.5 | 10.42 





Iron, Gray, Cast 


499.4 | 





Aluminum, Wrought 


169.0 | 10.20 


Iron, Swedish 





Antimony, Cast 


418.9 | 4.13 


Iron, Wrought 





Bell Metal 


543.1 | 3.18 


Lead, Cast 





Bismuth 


606.0 | 2.85 


Lead, Sheet 





Brass - 80 Cu 


536.3 | 3.22 





Magnalium 








Brass - 70 Cu 


523.8 | 3.29 


| Magnesium 





Brass - 60 Cu 


521.3 


Manganese 





Brass - 50 Cu 


511.4 


| Mercury, Fluid 





Brass, Red 


536.3 





| Molybdenum 





Brass, Sheet 





Brass, White 





532.8 


| Monel Met. Cold Drawn 





511.0 


{ Nickel, Cast 








Brass, Wire 





Brass, Yellow 


533.0 


526.9 


| 


Nickel, Hard Drawn 





Platinum, Sheet 





Bronze, Manganese 





Bronze, Phosphor 





513.4 





| Silver, Pure 


= 





549.4 | 





Bronze, Tobin 


505.0 | 


| Steel, Cast 





Steel, Plate 





Cadmium 


539.0 





Chromium 


Cobalt 


437.0 


Steel, Manganese 





Steel, Nickel 





543.7 


Steel, Stainless N 
(18-8) 





Constantan 


554.0 


Steel, Stainless 
(25-12) Type 309 





Copper, Cast 


536.3 


3.73 


Steel, Tool 








Copper, Sheet 


548.0 | 3.15 


3.65 


Tantalum 





Copper, Wire 


8.88 


553.0 | 3.13 


3.61 


Tin, Cast 





German Silver 


8.30 | 





| 618.1 | 


3.33 


3.86 


Tungsten 








Gold, Pure 


19.26. 


1200.9 | 1.44 


1.67 


Type Metal 





Gold, Hammered 


19.36 





1217.0 | 1.43 


1.64 


Zinc, Cast 





Gun Metal 





8.19 





295 


| 
509.6 | 3.39 





3.93 











Zinc, Rolled 

















Hauck Industrial Combustion Data.’ Copyright 1953, Hauck Manufacturing Co. 
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THERMAL PROPERTIES 


OF METALS 





Substance 


Composition 


Mean 
specific 
heat, 60°to 
melting point} 
| (Beu/Ib) 


Density 
Ib/cu ft 





Brass, Muotz Metal 


Brass, Red 

Brass, Yellow 
Bronze, Alumioum 
Bronze, Bearing 
Bronze, Bell Metal 


Bronze, Gun Metal 
Bronze, Tobin 

Die Casting Metal 

Die Casting Metal 


Die Casting Metal 
Die Casting Metal 
German Silver 


Gold 
Iron 60° to 2786° F 


Lead 


Linotype 
Magnesium 


Manganese 
Monel Metal 


Nickel 60° to 2644 °F 
Sil 


Al 

75 Pb, 15 Sb, 10 Sa 
Bi 

60 Cu, 40 Za 


90 Cu, 10 Zn 
67 Cu, 33 Za 
90 Cu, 10 Al 
80 Cu, 10 Pb, 10 Sa 
78 Cu, 22 Sa 


90 Cu, 10 Sn 


92 Al, 8 Cu 
80 Pb, 10 So, 10 Sb 


Pb 
86 Pb, 11 Sb, 3 Sn 
Mg 


Pb, 20 Sa, 40 Bi 
Pb, 50 Sa 





83.3 Sa, 8.4 Sb, 8.3 Cu 


60 Cu, 39.2 Za, 0.8 Sa 
Cu 


Mao 
67Ni, 28 Cu; Fe, Ma, Si 


Mean 
specific Melting 
heat of point 
liquid °F 
Beu/Ib °F 


Het content 
of solid 
at melting 
point 
Beu/Ib 


Ht content 
of liquid 
at melting 
tem 
b 


He content 

of liquid 

at pouring 
tem 


iP 
Bru/Ib 





166.7 0.248 
Sece 0.039 
462 0.071 
612 0.033 
0.105 


RS 
no 


SSSR SEE 
woanovw ovr 


~ 
Ssseve 


Pe Sys 
wVooun 


SERS 
oOvNON 


708 10.0 
asne ' 21.5 
108.6 , 83.7 
464 . 66.0 
550 0.129 117.4 


556 0.134 131.5 
655 0.063 46.8 
oo.00 0.040 16.4 
580 0.051 23.0 
455 0.069 25.0 
445 0.107 48.0 











0.26 1215 
0.038 462 
0.063 464 
0.035 518 
0.125 1630 


0.115 1952 
0.123 1688 
0.125 1922 
0.109 1832 
0.119 


0.106 
0.124 
0.111 
0.241 
0.037 


0.062 
0.138 
0.123 
0.034 
0.150 


0.04 
0.036 
0.266 
0.192 
0.139 


0.133 
0.070 
0.039 
0.049 
0.0637 
0.146 








286.0 
15.8 
28.6 
15.1 














497.0 


8 8$der 
oonac 


LASS 
SouNso 


— 
oe 
ad 
° 





With permission, “North American Combustion Handbook.” Copyright 1952. The North American Manufacturing Co. 














DESIRABLE HUMIDITIES FOR INDUSTRIAL OPERATIONS 


Temperature varies (75°-85° F.) 











Industry 


Process 


Relative Humidity 





Cellulose 
Confectionery 


Drugs 


Electrical 


Foods 


Library or Museum 


Paint 

Paper 
Photographic 
Printing 


Rubber 








Processing and storage 
Hard candy making 
Chewing gum rolling 
Starch room 

Powders and Tablets 


Salts, Bromides and Alka Seltzer tablets 
Manufacturers of electrical windings 


Storage of electrical goods 


Insulation windings (104° F:) 


Preparation of macaroni 
Storage of sugar, gelatin 


Book storage or paintings 


Air drying lacquers 
Storage and processing 
Film drying 


Litho plate room (photo composing) 


Press rooms 
Dipping surgical articles 


35% 
40% 
50% 
50% 
30% 
25% 
40% 
40% 

5% 
38% 
359% 
40% 
40% 
40% 
45% 
45% 
55% 
30% 
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EGREE DAYS AND MINIMUM TEMPERATURES FOR CITIES OF UNITED STATES AND CANADA’ 


Min. 
temp. 


Degree- 
City days 
Alabama 

2813 
3006 
1886 
1735 
2529 


Flagstaff 
Tucson 


Bergman 
Little Rock 
Texarkana 


Bakersfield 
Fresno 

Los Angeles 
Pasadena 
Sacramento 
San Diego 
San Francisco 


Buena Vista 
Colorado Springs 


Pueblo 


Delaware 
Wilmington 


District of Columbia 


Monticello 


Chicago 
liet 


6315 
6535 
5370 


Min. 


temp. 


Degree- Min. 


temp. 


Degree- 


City days City days 


Indiana Missouri 
—29 
—25 
—22 
—22 


Evansville 

Fort Wayne 
Indianapolis 
South Bend 
Terre Haute 


4164 
5916 
5297 
6076 
4871 


Grant City 
Jefferson City 
Kansas City 
St. Louis 


5659 
4874 
5202 
4585 


Davenport 
Des Moines 
Dubuque 
Mason City 
Sioux City 


Emporia 
Topeka 
Wichita 


Lexington 
Louisville 


Concord 
Hanover 
Baton Rouge 
New Orleans 


Shreveport New Jersey 


Atlantic City 

—21 
—13 
—15 
—24 
—13 


Bar Harbor 
Portland New Brunswick 
Trenton 


Baltimore 
Frederick 


Albuquerque 
Santa Fe 


Fitchburg 
Williamstown 


New York City 
Ogdensburg 
Plattsburg 


Cadillac 
Detroit 

Grand Rapids 
Kalamazoo 


—36 
—28 
—24 
—25 
—26 


—37 Syracuse 


Sault Ste. Marie 


Minnesota 


Minneapolis 
Rochester 


Columbia 
Corinth 8498 


—-S4 10714 


Vicksburg (Continued on next page) 


rom AGA “Househeating” and U.S. Weather Bureau. 


ctober 1, 1953, American Gas Journal 














Cincinnati 
Cleveland 
Columbus 


Oklahoma City 


Wallowa 


Gettysburg 
Philadelphia 
Pittsburgh 
Reading 
Scranton 


Providence 


Charleston 
Columbia 
Spartanburg 


Aberdeen 
Jefferson 


Knoxville 
Memphis 
Nashville 


Austin 
Dallas 


Galveston 
Houston 
San Antonio 


Salt Lake City 


Northfield 


126 


City 
Virginia 
Fredericksburg 
Roanoke 
Richmond 


Spokane 
Walla Walla 


Charleston 
Huntington 
Wheeling 


Min. 
City temp. 
Wisconsin 
Green Bay 
Milwaukee 
Superior 


Cheyenne 


Canada 


Vancouver, B.C. ..... 
Winnipeg, Man. ...... 
Teoma, Chit. ..... 66. 
Montreal, Que. ....... 
Quebec, Que. ........ 





AVERAGE RELATIVE HUMIDITY 





Length 
of 


STATION record 











Mobile 
Montgomery 
PROGR... ncccsccs 
Little Rock. ...... 


Los Angeles 
San Francisco 
Denver. ..... 
Washington 
Jacksonville 


Atlanta 

Pinkcestuemased 
SD iss innogus 
Indianapolis. -..... 


Helena._...- 
Miles City 
je Platte. 


Atlantic City..... 
Albuquerque 
eee 
New York........ 
Rochester. 
Asheville 


Oklahoma City-... 


Harrisburg 
Pittsburgh 
Charleston. 


Salt Lake Oity #_.. 
Burlington 

> i. eensepem 
Richmond........ 


YY =e 
Honolulu. ........ 
San Juan ¢........ 
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“Statistical Abstract of the United States.’ U. S. Department of Commerce. 


American Gas Journal, October 1, 195. 
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ANNUITY WHICH WILL AMOUNT TO ONE DOLLAR 
IN A GIVEN TIME 
ANNUITY APPLIED AT END OF EACH YEAR 





Years | 2 per cent 


245 per cent 


3 per cent 


334 per cent] 4 per cent 


| 435 per cent 


5 per cent 





$1 .000000 
0.495050 
- 326755 
+ 242624 
- 192159 


- 158526 
- 134512 
- 116510 
- 102515 
-091327 


Sono GaAewnd re 


—_= = 
-_- oO 


- 082178 
-074560 
-068118 
- 062602 
-057825 


it et et 
orwn 


_ 
fos) 


- 053650 
.049970 
- 046702 
.043782 
-041157 


— 
on 


.038785 
.036631 
.034668 
.032871 
.031220 


. 029699 
. 028293 
. 026990 
.025778 
.024650 


. 023596 
.022611 
.021687 
.020819 
- 020002 


-019233 
-018507 
.017821 
-017171 
-016556 


-015972 
-015417 
-014890 
-014388 
.013910 


-013453 
-013018 
.012602 
-012204 
-011823 





$1. 000000 
0.493827 
. 325137 
. 240818 
. 190247 


- 156550 
- 132495 
. 114467 
. 100457 
. 089259 


.080106 
.072487 
- 066048 
- 060537 
-055766 


-051599 
.047928 
.044670 
.041761 
-039147 


.036787 
.034647 
-032696 
-030913 
.029276° 


.027769 
. 026377 
.025088 
. 023891 
.022778 


.021739 
.020768 
.019859 
.019007 
.018206 


-017452 
.016741 
.016070 
-015436 
- 014836 


.014268 
-013729 
-013217 
-012730 
-012268 


* ,011827 
.011407 
-011006 
-010623 
-010258 





$1 .000000 
0.492611 


.037216 


.034872 
.032747 
.030814 
- 029047 
.027428 


. 025938 
.024564 
. 023293 
.022115 
.021019 


.019999 
.019047 
-018156 
-017322 
-016539 


-015804 
-015112 
.014459 
-013844 
-013262 


.012712 
.012192 
-011698 
-011230 
-010785 


-010363 
.009961 
.009578 
- 009213 
- 008865 





$1. 000000 
0.491400 
. 321934 
. 237251 
- 186481 


. 152668 
. 128545 
- 110477 
- 096446 
- 085241 


. 076092 
- 068484 
- 062062 
-056571 
-051825 


-047685 
- 044043 
.040817 
-037940 
-035361 


. 033037 
- 030932 
-029019 
.027273 
. 025674 


.024205 
. 022852 
-021603 
- 020445 
-019371 


.018372 
.017442 
-016572 
.015760 
.014998 


-014284 
.013613 
.012982 
.012388 
.011827 


-011298 
-010798 
-010325 
.009878 
-009453 


- 009051 
- 008669 
. 008306 
. 007962 
. 007634 





$1. 000000 
0.490196 
- 320349 
. 235400 
- 184627 


. 150762 
- 126610 
- 108528 
. 094493 
. 083291 


.074149 
- 066552 
- 060144 
- 054669 
.049941 


- 045820 
- 042199 
- 038993 
-036139 
- 033582 


-031280 
.029199 
.027309 
- 025587 
-024012 


. 022567 
. 021239 
. 020013 
.018880 
.017830 


.016855 
.015949 
-015104 
.014315 
-013577 


-012887 
-012240 
-011632 
-011061 
-010523 


-010017 
- 009540 
. 009090 
- 008665 
- 008262 


.007882 
.007522 
.007181 
.006857 
.006550 





$1 .000000 
0.488998 
. 318773 
. 233744 
- 182792 


. 148878 
. 124701 
- 106610 
-092574 
- 081379 


072248 
. 064666 
.058275 
.052820 
.048114 


-044015 
- 040418 
-037237 
-034407 
-031876 


-029601 
- 027546 
. 025682 
- 023987 
. 022439 


- 021021 
-019719 
-018521 
-017415 
-016392 


.015443 
-014563 
-013745 
-012982 
-012270 


-011606 
-010084 
-010402 
. 009856 
- 009343 


. 008862 
. 008409 
- 007982 
- 007581 
. 007202 


006845 
006507 
.006189 
008887 
006602 





$1 .000000 
0.487805 
. 317209 
. 232012 
. 180975 


. 147017 
. 122820 
. 104722 
. 090690 
. 079505 


.070389 
. 062825 
- 056456 
-051024 
. 046342 


- 042270 
. 038699 
-035546 
.032745 
- 030243 


. 027996 
.025971 
- 024137 
-022471 
. 020952 


.019564 
- 018292 
-017123 
. 016046 
-015051 


. 014132 
.013280 
.012490 
-O11755 
-011072 


-0104% 
.009840 
. 009284 
- 008765 
. 008278 


. 007822 
. 007395 
. 006983 
. 006616 
. 006262 


. 005040 
-006777 
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(Continued on next page) 
With permission, from “Gas Engineers’ Handbook.” Copyright 1934. McGraw-Hill Book Company. 








ANNUITY WHICH WILL AMOUNT TO ONE DOLLAR 
IN A GIVEN TIME (Concluded) 
ANNUITY APPLIED AT END OF EACH YEAR 





| | 
Yeers | 554 per out 6 per cent 644 per cont! 7 per cent | 8 per cent | 9 per cent | 10 per cent 





$1.Q00000 | $1.000000 | $1.000000 | $1.000000 | $1.000000 | $1.000000 | $1. c00000 
0.486618 0. 485437 0.484262 0.483092 0.480769 0.478469 | 0.476190 
. 315654 -314110 . 312576 - 311052 - 308034 . 305055 - 302115 
. 230295 . 228591 . 226903 . 225228 - 221921 . 218669 - 215471 
. 179173 . 177396 . 175635 - 173891 - 170456 . 167092 - 163797 


. 145179 - 143363 141568 . 139796 - 136315 . 132920 - 129607 
- 120°64 - 119135 . 117331 - 115553 . 112072 . 108691 - 105405 
. 102864 . 101036 - 099237 - 097468 - 094015 . 090674 - 087444 
. 088839 - 087022 . 085238 - 083486 . 080080 . 076799 . 073641 
. 077668 .075868 .074105 .072378 . 069029 . 065820 . 062745 


. 068571 . 066793 .065055 - 063357 . 060076 .056947 - 053963 
. 061029 .059277 .057568 - 055902 .052695 . 049651 . 046763 
- 054684 .052960 .051283 .049651 - 046522 - 043567 . 040779 
.049279 .047585 . 045940 044345 .041297 ‘ .035746 
- 044626 . 042963 -041353 .039795 . 036830 ‘ -031474 


. 040583 -038952 .037378 .035858 .032977 . .027817 
.037042 .035445 - 032906 -032425 . 029629 a . 024664 
, 033920 .032357 . 030855 . 029413 - 026702 . .021930 
-031150 .029621 . 028156 - 026753 .024128 d .019547 
. 028679 .027185 . 025756 024393 . 021852 - .017460 


. 026465 . 025005 -023613 -022289 . 019832 .017617 -015624 
.024471 . 023046 .021691 . 020406 -018032 .015905 .014005 
. 022670 .021278 .019961 -018714 .016422 .014382 .012572 
.021036 .019679 . 018398 -017189 .014978 .013023 .011300 
.019549 .018227 .016981 -015811 -013679 .011806 .010161 


.018193 .016904 -015695 .014561 .0125071 .0107154 .0091590 
.016952 .015697 -014523 .013426 -0114481 . .0082576 
.015814 .014593 -013453 .012392 .0104889 d .0074510 
.014769 .013580 -012474 -011449 -0096185 ° - 0067281 
.013805 .012649 -011577 -010586 - 0088274 m - 0060792 


.012917 .011792 -010754 . 009797 - 0081073 é . 0054962 
.012095 .011002 . 009997 . 009073 . 0074508 p .0049717 
.011335 .010273 .009299 . 008408 - 0068516 , . 0044994 
.010630 .009598 "008656 .007797 . 0063041 ‘ .0040737 
.009975 - 008974 . 008062 - 007234 - 0058033 J - 0036897 





. 009366 . 008395 .007513 . 006715 - 0053447 é .0033431 
. 008800 . 007857 . 007005 - 006237 . 0049244 - 0038703 . 0030299 
. 008272 .007358 - 006535 - 005795 - 0045389 - 0035382 . 0027469 
.007780 . 006894 . 006099 . 005387 - 0041851 . 0032356 .0024910 
. 007320 . 006462 - 005694 . 005009 - 0038602 . 0029596) . 0022504 


- 006891 . 006059 .005318 . 004660 .0035615 . 0027079 . 0020498 
. 006489 . 005683 . 004968 - 004336 . 0032868 .0024781 - 0018600 
.006113 - 005333 . 004644 - 004036 - 0030341 . 0022684 -0016880 
.005761 . 005006 . 004341 . 003758 . 0028015 . 0020767 -0015322 
-005431 . 004700 . 004060 - 003500 - 0025873 .0019017 .0013910 


. 005122 .004415 .003797 - 003260 - 0023899 -0017416 .0012620 
. 004831 .004148 . 003553 . 003037 - 0022080; - 0015952 .0011468 
004559 . 003897 .003325 - 002831 - 0020403 .0014614 -0010415 
004302 003664 - 003112 . 002639 - 0018856; . 0013389 . 0009459 
. 004061 . 003444 .002914 . 002460 .0017429 . 0012260 . 0008502 


























With permission, from “Gas Engineers’ Handbook.” Copyright 1934. McGraw-Hill Book Company. 
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INTERCHANGEABILITY OF VARIOUS 


Y interchangeability of gases is 
E meant the possibility of using a 
substitute gas for the gas usually 
distributed for domestic and industrial 
consumption without interfering with 
the operation of appliances used by the 
consumer. 

The subject is complicated by many 
factors such as heating value, specific 
gravity, and composition of the various 
gases under consideration. 

The present supply of natural gas has 
resu'ted and probably will continue to 
resu't in the distribution in many cities 
of gases of rather high heating va'ue; in 
many cases, of straight natural gas hav- 
ing a heating value in excess of 1000 Btu 
per cubic foot. 

The American Gas Association has 
conducted considerable research on the 
general subject of interchangeability of 
gases. When it began reviewing the sub- 
ject of a substitute gas for straight natu- 
ral gas, it was found that none of the 
formu!ae developed earlier for the inter- 
changeability of mixed gases of lower 
heating va!ue were applicab!e to the in- 
terchangeability of the higher heating 
value gases. It became necessary to find 
new equations which wou!d take into 
consideration all factors affecting inter- 
changeability. 


Interchangeability Factors 


It was concluded that interchangeabil- 
ity of higher heating-value gases could 
be best mathematically treated if con- 
sidered from three distinct viewpoints, 
that is, the tendency of high heating 
value supp!emental gases to— 

(1) lift 

(2) flashback 


(3) produce yellow tips. 

The speed of flame propagation, or 
ignition velocity, is very important in 
consideration of the burning character- 
istics of different gases. 

Fast-burning constituents, such as hy- 
drogen and acetylene, accelerate the rate 
of flame propagation with a tendency 
toward flashback, whereas s!ow-burning 
constituents, such as methane and illu- 
minants, produce little tendency to flash- 
back but may result in lifting of the 
flame. 

An equation to predict occurrence of 
lifting as a result of interchange of gases 
was developed which takes into consid- 
eration change in input-rate and pri- 
Mary-air injection resu!ting from the sub- 
stitution as well as differences in lifting 
characteristics of the two gases. The in- 
dex of lifting interchangeability, Ix, is 
the result obtained from calculation of 

‘ifting interchangeability equation— 


Vith permission, from the Koppers Company. 
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An empirical expression was devel- 
oped to denote the tendency of burners 
to flashback as a result of interchanging 
a supplemental gas for natural gas. The 
index of flashback interchangeability, Ir, 
is the result obtained from calculation of 
the flashback interchangeability equa- 
tion— 


[hs 


An equation was developed for deter- 
mining cond:tions of interchange which 
wou'd resu't in yellow-tip formation. 
This equation takes into consideration 
changes in primary-air injection and yel- 
low-tip limit resu!ting from subst:tution 
of one gas for another. Calculation of 
this equation gives va'ue for the index 
of yellow-tip interchangeability, Iv. 

Ya 


Ys 


. - 


ail ae 


Values For Equation Characters 

In order to obtain values for the char- 
acters in these three equations, certain 
other equations must be employed, as 
follows: 


Air theoretically required for complete 
combustion, 


100 A, 
h, 
1000 da 
hy 
PF, 


d, 


per 100 Btu a, = 
Primary air factor f, = 


Lifting limit constant K, = 


Yellow-tip limit 


100 T, 
Ve r 


~ + hh — me, 


The nomenclature for the above equa- 
tions follows— 


A =air theoretically required for com- 
plete combustion, cubic feet per 
foot of gas 

a =air theoretically required for com- 

plete combustion, cubic feet per 
100 Btu of gas 

= specific grav.ty (air = 1.0) 

= total inerts in gas mixture, decimal 

volume 

= lifting constant 

= primary-air factor 

= gross heating value, Btu per cubic 

foot 

= index of flashback interchange- 

ability 

index of lifting interchangeability 

index of yellow-tip interchange- 

ability 

K = lifting-limit constant 


I, 
I, = 


ly = 


GASES 


O., = oxygen in gas mixture, decimal 
volume 

T =yellow-tip constant, cubic feet of 
air required to eliminate yellow 
tips per cubic foot of gas 

Y =~yellow-tip limit, percent primary 
air 

Subscript a = adjustment gas 

Subscript s = substitute (or supplemen- 

tal) gas. 


Type of Natural Gas Distzibuted 


In this work the American Gas Asso- 
ciation assumed that one of the three 
types of natural gas presented be!ow 
wou!d be the adjustment gas or the gas 
normally distributed. 





High High High 
Btu § Methane inert 
Nat. Gas Nat. Gas Nat. Gas 


0.5% 0.0% 0.5% 
830 94.5 714 
16.0 0.0 14.0 

0.0 0.0 1.0 

0.5 $.5* 13.1 

1115 959 1000 
0.64 0.56 0.69 





Carbon dioxide .CO: 
Methane 

Ethane 

Propane 

Nitrogen .....Nz 
Gsta.fen. R co 

SR. Glo si vsecs 

* Inerts. 





For any proposed adjustment, or sub- 
stitute gas, all three indices must fall 
within certain numerical limits. which 
are shown in an accompanying table: 

It is stated that when burners are 
properly adjusted on the base-lcad gas, 
these preferable limits can be exceeded, 
the degree of variation depending on 
the adjustment natural gas. 

When values of the Interchangeability 
Indices are intermediate between the 
preferab'e limit and the objectionable 
limit, each particu'ar situation must be 
carefully analyzed to determine the lim- 
its of interchangeability. 

The same formulae given can be used 
to determine the percentage of adjust- 
ment gas which must be retained in ad- 
mixture with the supplemental gas to 
bring values of the Interchangeability 
Indices within desirable limits. 


Appliance Tests Made 


In arriving at the formulae given here, 
the American Gas Association Labora- 
tories selected many critical appliances 
and adjusted them for a given type of 
natural gas. Substitute gases were then 
prepared and supplied to the appliances 
and observations made of the operating 
characteristics of each burner. If com- 
plete subst:tution of the supp!emental 
gas resulted in unsatisfactory perform- 
ance of any of the control appliances, 
further studies were made with portions 
of the base natura! gas added to the sup- 
plemental gas. In this manner the limit- 
ing percentage of supplemental gas could 
be determined. 
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High-Heating Value 
Nat. Gas 


High-Methane 
Nat. Gas 


High-Inert 
Nat. Gas 





Interchangeability 


Index Preferable Objectionable 


Preferable Objectionable Preferable Objectionable 





Under Above 
1.0 1.12 

Under Above 
1.18 1.2 

Above Under 
1.0 0.7 


Under 
Under 


Above 


Above Under 
1.0 1.06 1.0 1.03 
Above Under Above 
1.18 1.2 1.18 1.2 
Under Above Under 
1.0 0.8 1.0 0.9 


Above 





In this same reference a comparison 
is given of a burner operating on the high 
Btu natural gas compared to carbureted 
water gas of 1000 and 1200 Btu per 
cubic foot. It is stated that only 40 per 
cent of these carbureted water gases 
could be mixed with the original natural 
gas and still maintain satisfactory com- 
bustion characteristics. 


Base and Supplemental Gases 

It is apparent that no generalized 
statement can be made regarding the in- 
terchangeability of high heating-value 
substitute gases with natural gas. Rather, 
it is necessary to make a very careful 
comparison of the proposed supplemen- 
tal gas with the base, or adjustment gas. 

In order to demonstrate the manipula- 
tion of the equations outlined, a compar- 
ison has been made using as a base, or 
adjustment gas, a natural gas, the analy- 
sis of which is given below. It is proposed 
to substitute for this a high Btu oil gas 
of the characteristics listed— 





High Btu 
Natural Gas Oil Gas 
Carbon dioxide ...CO 0.8% 6.4% 
illuminants 0.0 25.9 
Oxygen Oo, 0.0 0.5 
Carbon monoxide .CO 0.0 0.8 
91.0 33.3 
3.1 0.0 
Propane . 1.7 0.0 
Butane ; 0.0 
Hydrogen 0.0 13.4 
Nitrogen 2.7 19.7 
6.t.u./eu. ft. ...... 1047 970 
SS eee 0.61 0.88 








Resu!ts were as follows: 





Ir ly 
i. = Flash- Yellow- 
Litting back tip 
Index Index Index 





100% Supplemental Gas 1.25 1. 0.6 





50% Supplemental Gas ) 


50% Adjustment Gas 1.11 


1.16 0.7 





30% Supplemental Gas } 


70% AdjustmentGas {( 1-07 1.10 08 





By comparison, it is seen that 100 per 
cent of this particu!ar supplemental gas 
could not be used to replace natural gas 
of the type considered, since all three 
indices, Lifting, Flashback, and Yellow- 
Tip, are in the objectionable range. The 
mixture of 50 per cent oil gas with 50 
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per cent natural gas appears to be satis- 
factory from the standpoint of flashback. 
The Lifting Index and Yellow-Tip Index 
are almost exactly at the objectionable 
limits, so close that more natural gas is 
desirable. The mixture of 30 per cent oil 
gas with 70 per cent natural gas gives 
indices, none of which are in the objec- 
tionable range and which, in general, ap- 
proximate the preferable range. 


Percent of Oil Gas in Admixture 

Accordingly, it is considered that 30 
per cent of this oil gas could safely be 
used in admixture with the natural gas 
available. Possibly this proportion of oil 
gas could be exceeded, but probably not 
beyond 50 per cent. The proportion of 
this oil gas which can be used would 
probably be increased if the oil gas were 
scrubbed to remove some undesirable 
constituents. 

The particular oil gas used in the fore- 
going discussion is one which has been 
proposed as a supplement or substitute 
for natural gas. The analysis used has 
been published. This gas is not necessar- 
ily the best or only substitute for natural 
gas. It is used merely to illustrate the 
application of equations derived for de- 
termining the interchangeability of gases 
of high heating-value. Later research may 
show that oil gases, or other gases, may 
be more nearly interchangeable with nat- 
ural gas than is indicated by present 
knowledge on the subject. 

A recent statement regarding research 
sponsored by the American Gas Asso- 
ciation states: 

“Just initiated is a project to determine 

the approximate degree of compatibility 

of the currently produced oil gases with 
natural gas. These tests should indicate 
what further research is necessary to de- 
velop suitable substitutes for natural gas. 

It is possible that suitable control of the 

production processes will be sufficient. 

Possibly after-treatment with catalysts 

will provide the answers. Decisions as to 

the course of the future work must await 
the results of these preliminary studies.” 

For interchangeability of gases where 
the heating value of the send-out gas is 
rather low, in the neighborhood of 530- 
540 Btu other determinations have been 
made. 


AGA “Index C” Method 
In 1933 the American Gas Associ- 
ation, after considerable testing, evolved 


the so-called “Index C” calculated from 
a mathematical equation involving heat. 
ing value, specific gravity, and chemica! 
analysis of the base and supplementa 
gases. This “Index C” was supposed t 
be a criterion of interchangeability of 
gases with heating values below 700 Btu 
per cubic foot. If the supplemental! gas 
had a “C” index in the range 0.85 to 
1.15, it was indicated that it cou!d re. 
place the base gas and maintain satis. 
factory appliance performance. The 
equation is— 


— A, 
Cm, A 


a 


= + (K,-K,) 


d 
a dy 


where, 
C = index of interchangeability 
a = subscript denoting adjustment gas 
s = subscript denoting substitute gas 
h = gross heating value, Btu per cubic 
foot 
A = air theoretically required for com. 
plete combustion, cubic feet per 
cubic foot of gas 
= specific gravity of gas (air = 1.0) 
hA ‘ : 
K= 5000 EF’ i" which 
E = the heat capacity of the theoretica 
products of combustion (from one 
cubic foot of gas) per degree F. be- 
tween 60°F. and 1600°F., in Btu E 
is equal to 0.029 VCO, + 0.023 
VH.O + 0.0189 VN, where V is 
the volume in cubic feet of each 
product (as indicated by the sub- 
scripts) formed by the combustion 
of one cubic foot of gas with the air 
theoretically required for complete 
combustion. The values 0.029. 
0.023 and 0.0189 are, respectively. 
the heat capacities per degree F. of 
CO., H.O and No, between 60°F 
and 1600°F. in Btu per cubic foot 
F = Summation of the products of the 
mole fractions and some constant 
for each combustible constituent in 
the gas. 


Objections to “Index C” Cited 
Several objections have been cited 
against the use of “Index C” in some 
cases. The formula is quite satisfactor 
for the usual mixtures involving the nor- 
mal manufactured gases, although it 
does not apply for mixtures in which the 
percentage of inerts exceeds the free-hy- 
drogen content. It is also applicable in 
the comparison of many natural gases. 
but it is not generally applicable for mix- 
tures involving adjustment and substitute 
gases of widely differing heating value 
or chemical composition unless the frac: 
tion of such radically differing gas in the 
substitute mixture does not exceed about 
12 per cent. Thus the formula does no! 
hold for such substitute mixtures as pro 
pane or butane and air, of natural gas 
inert mixtures, etc., when substituted fo 
the usual low-Btu manufactured city-gas 
but it is satisfactory if the high heating 
value hydrocarbon does not exceeé 
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it 12 per cent in the final substitute 
ture. The formula does not usua!ly 
y in cases involving the use of large 
jounts of oil gases as substitutes for 
atural gas. It was, in fact, found to be 

t fully applicable for gases of heating 
values higher than 800 Btu per cubic 
foot since the equation has no factors 
which predict the occurrence of yellow 
tips or lifting. 

In 1946, the American Gas Associ- 
ation started a new series of tests on the 
interchangeability of gases of relatively 
low heating-value. The entire project is 
designated as TL-1. 


Summarization of Aims, Results 

The aims and results of this research 
by American Gas Association have been 
summarized in May, 1949, as follows: — 

“The objective of this project is to de- 
velop a means of determining inter- 
changeability of gas mixtures, where the 
base gas is in the heating-value range of 
540 Btu either by— 

“1. A mathematical formula which 
will require only a knowledge of the 
analysis of the mixture to determine its 
interchangeability, or 

“2. A test burner or series of burners 
which will indicate the expected per- 
formance of any given mixture with cus- 
tomer appliance. 

“The first phase of the project was a 
desk study to determine if it were possi- 
ble to utilize the formulae previously 
developed by the Laboratories for the 
use of gases of 800 Btu or more for peak 
load supplements where the base load 
was natural gas. 

“It was quickly determined that these 
formulae did not apply. 

“The next phase was a field survey for 
the purpose of learning the methods used 
by various operating companies for de- 
termination of interchangeability. On 
the basis of this survey, a method of 
procedure was developed and necessary 
equipment assembled. 

“The third phase of the investigation 
consisted of actually substituting various 
supplemental gas mixtures for each of 
5 adjustment gases for which a number 
of appliances representative of those 
found to be most critical in the field sur- 
vey were first adjusted. Some 30 supple- 
mental gases were used in varying pro- 
portions with the adjustment gas and the 
performance of each appliance noted. 
At the same time each substitute gas mix- 
ture was tested in a number of test burn- 


ers and the performance of pilot valves 
observed.” 


Interpretation of Data 

“the test work has been completed 
and the supervising committee has 
worked with the Laboratories staff in 
attempting to interpret the data. While 
ithas been impossible, up to the present 
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time, to develop formulae to predict 
interchangeability and no single test 
burner has been found which can be 
used, there is some indication that after 
careful consideration of all the data 
some mathematical means of predicting 
interchangeability may be found and 
test burner observations may be useful. 
In the meantime, limiting mixtures of 
each supp!emental gas with the five ad- 
justment gases have been established and 
the data compiled in handbook form. 
One report has been distributed and the 
others will soon be available. 

“The data compiled indicates those 
supplemental mixtures which were 
found by test to be satisfactory substi- 
tutes for each adjustment gas for peak 
load use. 

“This information can be used directly 
wherever the composition of the adjust- 
ment gas is the same as one of the five 
used, or, if the gases do not differ too 
widely, the test data can be used as a 
guide using methods of approximation. 
A careful study of the bulletins covering 
this test work is recommended to all con- 
cerned with the use of a variety of sup- 
plemental gases for meeting peak loads. 

“This project has emphasized the need 
for a study of the fundamentals of com- 
bustion. It is quite evident that our pres- 
ent knowledge is insufficient to permit 
the proper design of burners which will 
incorporate the flexibility necessary to 
satisfactorily burn the variety of gaseous 
mixtures we would like to use during 
peak load periods. Such a project is now 
in the formulation stage.” 

There are several simpler formulae 
which have been proposed for use in 
determining the interchangeability of 
gases. 


(44) The Knoy formula is_ well 


C = aconstant 

H = heating value of gas, Btu per 

cubic foot 

G = specific gravity of gas (air = 1) 
175 = the heating value in Btu per cubic 

foot of the primary air-gas mix- 
ture which is assumed to be the 
proper adjustment for domestic 
burners. 

The theory of this formula is that 
gases which have the same “C” factor 
are interchangeable. Actually the nor- 
mal flexibility of most domestic-appli- 
ance burners allows some variation in 
the “C” factor. This deviation will not 
usually exceed 10 per cent up or down 
from the “C” factor of the adjustment 
gas. “C” factor for substitute gases 
which are above that of the adjustment 
gas indicate softer types of flames, while 
harder flames are indicated if the “C” 
factor is found to be below that for the 
adjustment gas. 


New Test Burners Devised 

It is stated that the results obtained by 
the use of the Knoy formula may be mis- 
leading if the chemical composition of 
the substitute gas does not correspond to 
that of the adjustment gas, and as a rule, 
limit mixtures defined by means of 
A G A Index C are somewhat more re- 
liable than those indicated by the Knoy 
formula. 

Many test burners have been devised 
to assist in evaluating the interchange- 
ability of gases by observation of flame 
characteristics. At the present time there 
is no availab!e instrument which can be 
applied in all cases to evaluate the gas 
quality. In approaching a problem in- 
volving interchangeability of gas, it is 
desirable to make calculations first, using 
the interchangeability equations and 
then burn the prepared mixtures in ap- 
pliances having burners characteristic of 
those used in the community to be cer- 
tain that the substitute gases will actually 
burn satisfactorily. 

It is desirable that gas companies keep 
a control burner at the inlet and outlet 
of their gas-storage holders in order that 
they may, at all times, have a knowledge 
of the burning characteristics of the gas 
being produced and sent out. 

Having considered the possibilities of 
using substitute gases for some normal 
send-out gas, it is apparent that no gen- 
eral statement can be made that any gas 
will or will not satisfactorily replace 
another gas. It is necessary that each 
situation be studied carefully, using the 
equations given here together with op- 
eration of test appliances. 


Oil Gas Not Complete Replacement 

It can be stated that high Btu oil gas, 
as now known, cannot be used as com- 
plete replacement for natural gas. How- 
ever, some 30 to 60 per cent of these high 
Btu oil gases can be used in admixture 
with natural gas without excessive com- 
plaints from the consumers of the gas. 

It must be pointed out that in some 
cases substitute gases appear to be en- 
tirely satisfactory from the standpoint of 
visual flame characteristics, but the 
products of combustion may contain 
dangerous quantities of carbon monox- 
ide. 

It should be possible to supply an 
equation based solely on the chemical 
analysis of the gases which could be used 
for determining the interchangeability of 
gases. The Laboratories of the American 
Gas Association have done considerable 
work on this problem and may be able 
to supply such an equation in the near 
future. In the meantime, it is necessary 
to use the equations so far developed 
and consider each case separately. 
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Storage of Gases or Mixtures of Gases 
Considering Deviations from 
Ideal Gas Laws 


re!ative'y high pressures, are ca- 

pable of offering increased storage 
capacity, considering the effect of devia- 
tion from the ideal gas law, to the extent 
of approximately 40 per cent over un- 
derground storage sands. 

In the case of mixtures of gases, such 
as natural gas, dev.at-on from the idzal 
gas law is dependent on the composition 
of the mixture. A methcod of determining 
this deviation for a gas of any composi- 
tion and of ca!cu'at'ng the increase in 
volumetric capacity under optimum op- 
erating cond tions is presented. 

In the compression of a gas, when the 
working pressure exceeds approximately 
50 psi gage, there is a difference between 
the actual volume and the vo!ume ex- 
pected as determined by the ideal gas 
law, 


PV = NR’T 
where 


S eee cylinders, operating at 


(1) 


P = pressure in pounds per square 
inch absolute 


V = volume in cubic feet 
N = number of pound-moles of gas = 
Weight of gas in pounds 


molecular weight 


R’= universal gas constant = 10.71 
for cubic foot and pounds per 
square inch 


T =temperature, absolute = 460 + 


The difference is generally a shrinkage 
accompanied by a corresponding in- 
crease in density. This shrinkage, or de- 


viation, is a function of both pressure 
and temperature, and reaches a maxi- 
mum at the critical pressure and temper- 
ature of the gas. 

Since the ideal gas law (Equation 1) 
has been used in the derivation of nearly 
all equations of state, the most conven- 
ient method for determining the pres- 
sure, volume, temperature relationships 
of a gas or gaseous mixture is to intro- 
duce into Equation 1 a compressibility 
factor Z which represents the deviation 
of the gas in question from the idzal gas 
laws and may be expressed as follows: 


PV = ZNR'T (2) 
where 
Z = compressibility factor 


Actually, the compressibility factor Z 
is a dimension!ess correction factor de- 
pendent on the character of the gas, the 
temperature, and the pressure. Va!ues 
of Z have been experimentally deter- 
mined’’®’*, and were found to be a 
function of reduced pressure and re- 
duced temperature, and have been plot- 
ted accordingly in Fig. 1. 

The compressibility factor Z, or the 
deviation of a gas or a gas mixture from 
the ideal gas laws, is expressed in terms 
of reduced pressure P, (ratio of the ac- 
tual absolute pressure to the critical pres- 
sure) and of reduced temperature T, 
(ratio of the actual temperature to the 
critical temperature), the relationship 
being expressed as follows: 


P, = P/P, 
T,=T/T, 


(3) 
(4) 


where 


P =pressure in pounds per square 
inch absolute 


T = temperature, absolute = 460 + 
°F 


P.= critical pressure of gas or gas 
mixture 


T,= critical temperature of gas or gas 
mixture 


The critical pressure of a gas is the 
pressure under which the gas may exist 
in a gaseous state in equilibrium with its 
liquid at the critical temperature. The 
critical temperature is the temperature 
above which a gas cannot be liquefied 
by pressure alone. Values of critical con- 
stants may be obtained from critical ta- 
bles and handbooks, or reference may 
be made to Table I wherein are listed 
properties of constituent gases. 

In a gaseous mixture consisting of 
numerous component gases, the com- 
pressibility factor is determined by hav- 
ing recourse to the so-called pseudo- 
critical values of the mixture. The 
pseudo-critical pressure is the molecular 
average critical pressure of the gas mix- 
ture and the pseudo-critical temperature 
is the molecular average critical temper- 
ature of the mixture. The relationship 
to the critical pressure and temperature 
of the fundamental gases may be ex- 
pressed as follows: 


P, = (P.)uNa + (P.),N, + (5) 
T, —_ (T.)uNa + (T.)oNp + (6) 
where 


N, = Gas (a) of gas mixture as 4 
volume fraction 


TABLE 1—PROPERTIES OF GASES. N, = Gas (b) of gas mixture as 4 


volume fraction 








P, = Pseudo-critical pressure of 
gas mixture 


(P.), = Critical pressure of N, 
(P..), = Critical pressure of N, 


T, = Pseudo-critical 
of gas mixture 


(T,), = Critical temperature of N, 
(T,),, = Critical temperature of N 


Boiling 
point at 


atmosphere 
Molecular — 


weight °F 


Critical 
pressure 


Critical 
temperature 


°F abs. 


344 
549 
666 
732 
829 
548 
227 
278 


Specific 
gravity 





Gas 


Methane 
Ethane 
Propane 
Isobutane 
lsopentane C His 
Carbon dioxide co; 
Ni rogen N2 
Oxygen O: 


Air = 1.00 


0.553 
1.037 
1.521 
2.005 
2.488 
1.520 
0.970 
1.105 


Formula psi abs. 
673 
712 
632 
544 
482 

1073 
492 
730 








CH, 

C:He 
C.Hs 
C Hi 


16.03 —259 
30.05 —127 
44.06 — 44 
58.08 10 
72.09 82 
44.00 —109 
28.02 —320 
32.00 —297 


temperature 


In order to illustrate the determina ‘ion 
of the compressibility factor, the fol! 0w- 
ing example is cited: 

(Continued on next page) 





By perm’ssion, from “National Seamless Steel Bottles for Gas Storage.” Copyright 1949. National 
Tube Company. 
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TABLE 2—VARIOUS 





Cc nent 
eee, Formula Example 


Natural gas 


GAS ANALYSES. 





Producer gas 





Coke- 
oven 
gas 


Pittsburgh coal Illinois 


Best Average coal 





Analysis number 1 





CH, 
C:He 
co 
H: 
O: 
N2 
co; 
C.H, 


84.8 
14.3 


Methane 

Ethane 

Carbon monoxide 
Hydrogen 

Oxygen 

Nitrogen 

Carbon dioxide 
Ethylene 


0.2 





Pe 
Te 
Tr 


678.1 
372.6 


Critical pressure, psi abs. 
Critical temperature, °F abs. 
Reduced temperature 


84.5 
11.5 


06 3. 
02 0. 


672.0 
363.7 
1.40 1.43 1.52 


2 3 4 5 6 


94.5 29.7 
0.5 1.1 
5.9 

57.0 





3.4 2.3 2.5 
25.4 
11.0 
0.1 
54.0 
5.2 
0.6 


24.7 
15.0 
0.2 
52.2 
48 
0.8 


27.5 
12.7 
0.2 
50.8 
46 
0.8 


° 0.3 
8 4.0 
2 0.2 

‘ 0.5 


07 
0.7 
3.4 





667.3 
341.4 


381.6 
179.5 
2.90 


494.8 
231.0 
2.25 


486.4 
226.1 
2.30 


4948 
231.1 
2.25 





TABLE 3—DETERMINATION OF COMPRESSIBILITY FACTOR AND 
ATMOSPHERIC VOLUMETRIC MULTIPLIER. 


Given: Critical Pressure 
Critical Temperat 


= 678.1 psi abs. 
ure = 372.6° F abs. 


Reduced Temperature — 1.396 





From Fig. 1 


Reduced 
pressure 
Pr =—- Pr 

678.1 


Zp 
For Tr = 
Storage 


pressure For Pr = 





-147 

369 

737 
1.106 
1.475 
1.843 
2.212 
2.581 
2.949 
3.318 
3.687 
4.055 
4.424 





Examp!e—Gas analysis, per cent by 
volume: Methane, 84.81; Ethane, 14.26; 
Nitrogen, 0.63; Carbon Dioxide, 0.15; 
Oxygen, 0.15. Required, the deviation 
for 2000 psi absolute and 60° F. The 
pseudo-critical pressure and temperature 
must be determined by means of Equa- 
tions (5) and (6) and Table I. 


P= (P.),N, + (P.),N, + (5) 

P. = 673(0.8481) + 712(0.1426) + 
492(0.0063) + 1073(0.0015) + 
730(0.0015) = 678.1 psi abso- 
lute 

T, = (T,),N, + (T.),N, + (6) 

T, = 344(0.8481) + 549(0.1426) + 
227(0.0063) + 548(0.0015) + 


278(0.0015) = 372.6° F abso- 
lute 


Reduced pressure and reduced tem- 


P.= vite 


__ 2000 
— 678.1 





(3) 
= 2.949 
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-983 
955 
912 
871 
828 
790 
756 
736 
721 
718 
722 
733 
748 





Atmospheric 
volumetric 
multiplier 


—_— Po — 
14.73Zp 


6.91 
17.77 
37.23 
58.46 
81.97 

107.39 
134.65 
161.44 
188.32 
212.67 
234.96 
254.63 
272.23 


1.396 


S 
678.1 





perature are determined from Equations 
(3) and (4). 

From Fig. 1, for 7, = 1.396 and P, = 
2.949, we find the compressibility factor 
Z = 0.722. It should be noted that if in 
the preceding example the gas had been 
at atmospheric pressure, the compressi- 
bility factor wou!d approximate unity. 

For comparative purposes Fig. 2 has 
been prepared based on the seven gas 
analyses of Tab!e II giving the compress- 
ibility factor Z as a function of storage 
pressure and reduced temperature. Sim- 
ilarly, for any other gas ana!yses plots 
cou'd be made to indicate the optimum 
pressure-deviation relationship. In this 
manner the designer of storage cylinders 
will be able to determine the magnitude 
of the increase in the storage capacity 
under optimum cond-tions. In the case 


Bp SS BF Se 


60 + 460 
372.6 


(4) 


T.= = 1.396 


of gas analysis No. 1, the best operating 
pressure would be 2250 psi absolute, the 
compressibility factor being .740. 

If under standard conditions of pres- 
sure and temperature the volumetric con- 
tent of a cylinder is known, the magni- 
tude of the increase in storage capacity 
may be predicted based on the deviation 
from the ideal gas laws and the storage 
pressure. 

P,V, = Z,NR’T andP,V, = Z,NR’T 
where subscripts a and p represent values 
at standard or atmospheric conditions 
and under pressure, then 


(7) 


but Z, = unity at standard conditions 
and P, = i4.73-psi. When substituted in 
Equation (7) the expression in terms of 
standard volume will be 


rs 
Va = 14.732, 


V, (8) 


P 
Therefore, the expression 14.732, rep- 


resents a volumetric mu!tiplier and, 
knowing the volume under standard con- 
ditions, the volume of gas that can be 
stored under operating conditions may 
be anticipated by multiplying the known 
volume by this calculated value. 

Atmospheric volumetric mu'tipliers 
for the seven gas analyses of Table II 
have been determined and are shown in 
Fig. 3, and, similarly, for any other gas 
analysis a piot may be established to 
show the expected volumetric increase 
for each analys's. 

To further illustrate, using the gas 
analysis of the previous example, Table 
III shows the required calculations for 
the determination of the compressibility 
factor Z and the volumetric mu'tiplier k 
for a storage pressure range of 109 psi to 
3000 psi absolute. 

In the foregoing discussion the prob- 
abilities of hydrate formation or lique- 
faction of the gas have not been taken 
into consideration. For any specific gas 
mixture these critical points should be 
determined for the anticipated operation 
conditions before proceeding with the 
investigation of optimum conditions of 
storage. 





Figures 1, 2 ard 3, charts re‘ating to this d's- 
cussion are on the three pages following. 
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Reouceo PRessure Pp, 
1.0 2.0 3.0 4.0 5.0 


REDUCED TEMPERATURE Tp 4. 


COMPRESSIBILITY FACTORS —- Z 
At REDUCED 
TEMPERATURES AND PRESSURES 


3.0 4.0 5.0 
REDUCED PRESSURE P, 


Fig. 1 


By permission, from “Natural Gasoline and the Volatile Hydrocarbons,” by Brown, Katz, Oberfell and Alden. 
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ATMOSPHERIC 


Votumetric MULTIPLIER 


lo—EAL GAS MULTIPLIER 


EXAMPLE : 
STORAGE PRESSURE PS| 825 
IDEAL GAS VOLUMETRIC MULTIPLIER 55.8 
EXAMPLE ANALYSIS (1.165x55.8) 65.0 
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STorace Pressure PSI (Abs.)-HunoReDs 


Fig. 3 
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Methods of Controlling Corrosion 


complished by one or more of sev- 

eral general methods such as: se‘ec- 
tion of right-of-way to avoid obvious 
corrosive spots; coating the pipe with 
some kind of protective film or wrapper; 
or by forcing current to flow onto the 
pipe either through its entire length or 
at least within those areas at which cur- 
rent would otherwise be flowing off of 
the pipe due to the presence of natural 
galvanic cells or to the pipe being within 
the positive area of stray earth currents. 
This latter means of protection can be 
accomplished in two general ways, that 
is, by creating a ga‘vanic ce.] direct:y op- 
posed to the natural ga‘vanic cell of the 
pipe line, or by impressing electric cur- 
rent from an outs.de source directiy on 
the pipe line. 

Ordinarily the right-of-way for a line 
is choszn to approximate a straight line 
between two points and at the same time 
permit ease of construction and main- 
tenance of the pipe line. A soil survey 
conducted along the proposed course of 
a pipe line sometimes indicates small 
corrosive areas which can be avoided 
without increasing either the instal!ation 
cost of the line or its accessibility for 
maintenance. This, of course, is the first 
step in the control of corrosion. 

The second general method for pre- 
venting corrosion is to completely cover 
the surface of the buried pipe with some 
kind of a protective coating. 

All of the three general types of cor- 
rosion involve a flow of electric current. 
The extent of the corrosion depends 
upon the magnitude of these e-ectric 
currents. It becomes obvious therefore 
that if we can maintain some type of 
electric insulating material as a barrier 
between the pipe and ground it wou!d 
be possible to stop the flow of these elec- 
trical currents and thereby prevent the 
corrosion. 

There are many different kinds and 
types of coating materia's, such as as- 
phalt, coal tars, p!astics, mastics, greases 
and concrete, and a!though it is not an 
insulating material, the metallic coating, 
such as galvanizing. A coating which is 
perfectly satisfactory on one pipe line 
for one location may or may not be sat- 
isfactory on another pipe line at a differ- 
ent location because the soil cond‘tions 
and environment at one location are en- 
tirely d'fferent from those at another. 

Metal'ic coatings (galvanized pipe) 
are not we!l adapted to underground use 
because of the galvanic action between 
the metallic ceating and the dissimilar 
nearoy meta's. These meta'lic coatings 
are c ten used to considerable advantage 
{0 pr-vent atmospheric corrosion. 


Tos control of corrosion can be ac- 
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THIS ARTICLE on corrosion control and the 
ene on cathodic protection, next page, have 
been adapted, with permission, from “A 
Manual on Underground Corros‘on,” a copy- 
righted book prepared by the Colum>dia Gas 
System Serv.ce Corporaiion, a subsidiary of 
Co!umbia Gas Sys'em. 











Concrete ccat.ngs were at one time 
very pcpular and extensiveiy used to 
combat corrosion. Their cost is rea- 
tively high, and since they have a tend- 
ency to absorb moisture, check and 
crack, they are not now extens.vely 
used. There are actual instances of lo- 
cations where the use of concrete coat- 
ings has accelerated pipe corrosion. 

The grease coatings are made from a 
petroleum base with a paraffin or wax- 
like texture, and may be app‘ied either 
hot or cold depending upon the speci- 
fication of the particular grease coating. 
Both the hot and cold greases must be 
shie'ded from the surrounding earth by 
a wrapper, since the soil backfi 1 tends to 
damage the grease coating. In add.tion 
to this disp'acement of coating. the soil 
tends to absorb some of the materials in 
this type of coating. 

Most mastics are considered to be 
good coatings. These coatings are com- 
posed of aggregates such as sand, gravel, 
asbestos, or clay, bonded with either coal 
tar, aspha!t, or one of the newer p!astics. 
They may be either hot or cold app‘ica- 
tions depending upon the specification 
of the material used. They are general'y 
applied as a thick coating, sometimes as 
much as % to % of an inch in thickness. 
These mastic coatings are re‘atively ex- 
pensive and consequent'y are not often 
used except for highly corrosive soil 
cond tions. 

Piastic coatings are among the new- 
comers in pipe line protective coating 
materia's. Most of them are still in the 
early stages of development and have 
not yet been tested by actual industrial 
application. Preliminary tests indicate 
that some of these may be highly desir- 
able pipe protective materia's. But defi- 
nite statements concerning their relative 
qua ‘ifications are not now possible. 

The coal tar and asphalt coatings are 
by far the most popular of the coating 
materia's used to prevent corrosion. Of 
these two bituminous coatings, asvha't 
and ccal tar, aspha’t as a basic material 
for protection ranks among the oldest 
known to man. The Egyptians mad2 ex- 
tensive use of aspha't as a water proofing 
and protective material in the construc- 
tion of their boats. Natura! asvhalt was 
also used as a protection against water in 


the construction of tombs and mummy 
cases. Down through the ages, constant 
references are made to natural asphalt as 
a protective coating. 

Asphalt base coating materials 
whether from a natural source or as a 
petroleum refining residue are exten- 
s.ve'y used today as pipe coating mate- 
rial. In general, they are less susceptible 
to impact and temperature changes than 
the ccal tar base enamels, but they may 
be affected by the absorption of small 
quant't.es of soil moisture or they may 
be d'ssolved by oil products contained in 
the soil. 

Coal tar base coatings are probably 
the most widely used pipe line coating 
materials of the present day. This is be- 
cause they can be combined in many dif- 
ferent ways to meet the many different 
requirements of pipe line construction. 
Their permanence, continuity, hardness, 
adhes:on and corrosion resistance, com- 
bined with their re‘atively low cost, make 
them more desirab‘e as a pipe line pro- 
tective coating material. 

Both coal tar base coatings and as- 
pha't base coatings are manufactured to 
meet different specifications such as 
softening point, weight per gallon, co- 
efficient of expansion, etc., so that the 
most appropriate protection can be se- 
lected for any particular job of coating. 
They are generally applied to provide 
approximately 3/32 of an inch of coat- 
ing thickness. 

One of the most important steps for 
the apptication of either of these coat- 
ings is the proper preparation of the pipe 
to be coated. The pipe must be clean, 
free of dirt, moisture, rust, mill scale 
and the like, and must be primed by 
painting with some material which will 
bond to the pipe and to the material with 
which it is proposed to protect the pipe. 
In most cases, with hot coatings at least, . 
it is customary to wrap over the enamel 
or coating while it is still hot and viscous 
w:th a fe't, asbestos, or glass fiber wrap- 
per. The purpose of the wrapper is to 
prevent injury to the coating during 
backfill and deformation of the coating 
due to soil stresses produced as the 
backfill sett'es. 

Sometimes combinations of wrappers 
are used. An excellent combination con- 
sist'ng of a fiber glass wrapper imbedded 
in the enamel supp!emented by an as- 
bestos fe!t wrapper bonded to the sur- 
face of the enamel. The g'ass wrapper 
reinforces the coating and the asbestos 
felt wrapper protects it from soil stress. 

Sometimes these coatings are applied 
by hand and sometimes by the use of the 
machinery. Small coating jobs including 
the patching of large machine applied 





137 





jobs are usually accomplished by hand 
using a canvas sling and pouring bucket 
to apply the coating material. Coating 
jobs which are not large enough to war- 
rant the use of over-the-ditch machinery 
may be completed by using a rolling rig 
either along the right-of-way or in the 
pipe yard or rail terminal. 

Inspectors usually watch the applica- 
tion of the coating and wrapper to see 
that they are applied according to the 


specifications. In addition to this visual 
inspection of the application of the coat- 
ing, most applied coatings are checked 
to determine whether or not there are 
any small faults or pinholes commonly 
called “holidays” in the coating. This is 
usually accomplished by using one of 
several different kinds of electrical test- 
ing devices or “holiday” detectors. 

All of these tests are done before the 
pipe is lowered in the ditch. During the 


course of lowering and backfilling, .d- 
ditional holidays may be formed. These 
can be detected by means of a special 
electrical device even though the pipe is 
buried. If this special instrument indi- 
cates any large areas where the coating 
has been damaged, it may be necessary 
to uncover the line to repair the dam- 
aged place. If the instrument indicates 
that the area is very small, then other 
means of protection may be utilized. 





Cathodic Protection 


LTHOUGH this method of protec- 
A tion is rather simple in principle, 
its app!ication can become com- 
plicated, particularly if there are other 
underground structures in the same 
area. The actual method of distributing 
the “impressed current” along the pipe 
line can be accomplished by many dif- 
ferent methods. Typical wiring diagrams 
for some of these methods are shown in 
Figures 1, 2 and 3. 


GROUND BED 
G—s-,9— 


| 
$| DRAIN GABLE 
\|4 


ATHOO 
PROTECTE 


Figure 1. Cathodic Protection: Single 
Rectifier and Ground Bed (Anode). 


ANODES~ 


C. oO 
“in 4IN 


Figure 2. Cathodic Protection: Rectifier 
and Distributed Ground Bed or Anodes. 


Figure 3. Cathodic Protection: Distrib- 
uted Rectifiers with Single Ground Beds. 


This system of protection is also sus- 
ceptible to complications because of 
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what is called “cathodic interference” 
(Figure 4). Suppose, for example, there 
is a high pressure line going through that 
portion of a distribution system which 
it is desired to protect by means of “im- 
pressed current.” This high pressure line 
may also pick up current from the 
ground and carry it along to some place 
where the high pressure line crosses over 
or goes near the distribution line. Then 
because the current has to get back to 
the power source, it will jump from the 
high pressure line to the ground to the 
distribution line. This short section of 
the high pressure line becomes an anode. 


Every ampere of current leaving the pipe 
in this area is going to carry pipe wall 
metal with it, 20 pounds per ampere per 
year, and a leak on the high pressure 
line could be guaranteed. 

The same sort of cathodic interfer- 
ence may be caused by reason of some 
other company installing “impressed 
current” protection for their system of 
cables or pipe lines as illustrated in Fig- 
ure 5. In this case, the rails of an aban- 
doned street car system are being used 
as the ground bed is collected by the 
other underground structures (Pipeline 
A and Pipeline B). The stray currents 
that have collected on these pipe lines 
must return to the cathodic protection 
unit, therefore, there will of necessity be 


an area somewhere along these pipe 
lines where this current is flowing from 
the pipe line to the ground. In other 
words, the lines have become anodes, 
and it is the anode which corrodes. 


Figure 5. Stray Current Corrosion. 





It sometimes requires a very elaborate 
wiring system to effectively equalize the 
various underground structures which 
may be exposed to stray currents by the 
use of cathodic protection units. In prac- 
tice, the use of “impressed current” to 
protect a network of lines becomes so 
complicated that its application should 
only be undertaken by the experienced 
Electrolysis and Corrosion Engineer. 

We have proved by experience that a 
copper service line can be protected by 
reason of its being the cathode of a dis- 
similar metal galvanic cell. It follows 
quite logically that if it were possible to 
make all of the area along a pipe line the 
cathode of a strong galvanic cell by 
using an expendable dissimilar metal, it 
would be possible to suppress the natu- 
ral anode areas along the pipe, and thus 
keep them from developing pit holes. 
There are three readily available metals, 
aluminum, zinc, and magnesium, each 
of which will form reasonably strong 
galvanic cells when combined with ‘ron 
Any one of the three can be used to con- 
struct this galvanic cell. Magne:ium 
forms the strongest cell of the three and 
is therefore most often used (Figur: 6). 


American Gas Journal, October 1, 953 





rate 
» the 
hich 
y the 
yrac- 
” to 
*5 $0 
ould 
nced 
I. 
hat a 
id. by 
1 dis- 
llows 
le to 
e the 
li by 
tal, it 
natu- 
| thus 
holes. 
etals, 
ach 
trong 
) ron. 
) con 
esium 
and 
6). 


953 





Figure 6. Cathodic Protection: Galvanic 
Anodes. 





This expendable anode galvanic cell 
as used for pipe protection is similar to a 
flashlight battery. The magnesium ingot 
is the expendable anode; the soil is the 
electrolyte; the pipe surface the center 
cathode; and the insulated wire, with 
one end soldered to the pipe and the 
other to the magnesium, completes the 
electrical circuit. Current will flow from 
the magnesium to the ground, taking 
metal ions of magnesium with it. It then 
flows through the ground onto the pipe, 
counteracting the undesirable natural 
galvanic cells that may be encountered 
back to the magnesium anode through 
the connecting wire. 

The ingots of magnesium used to cre- 
ate these galvanic cells may be any one 
of a number of different sizes and 
weights. The sizes ordinarily used are 4#, 
8#, 12#, 16#, and 32#. Their physical 
dimensions are varied, depending upon 
who manufactured the ingots. Some of 
these ingots are cylinders from 4” to 8” 
in diameter. Others are square in cross 
section and are from 2” to 6” on a side. 

Still another type of magnesium 
anode is in the form of a ribbon about 
%” x %” with a solid iron wire as a 
core. This ribbon can be obtained in 
2,000’ spools and weighs about a quarter 
of a pound per foot. 


r 1ont Tes 
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Figure 7. Thermit Weld Process. 


xcept for the ribbon type anodes, 
i¢ magnesium is usually installed by 
geing a hole deep enough to put the 
got of magnesium about on a level 
the pipe line, filling in around the 
1esium with some sort of special 
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“backfill.” The purpose of the “backfill” 
is to provide better electrical efficiency 
for the magnesium. There are many 
specia'ly prepared backfil's for this pur- 
pose, but field tests have demonstrated 
that ordinary bui-ders p!aster mixed with 
sand is just as satisfactory as the most 
expensive special backfill. An insulated 
copper wire is used to connect the iron 
core of the magnesium anode to the sur- 
face of the pipe. Connections to the pipe 
are ordinarily made by using a thermit 
welding cup to fuse the wire to the pipe 
metal (Figure 7). This welded joint must 
then be covered with an insulating mate- 
rial such as pipe coating to keep it from 
creating an additional and undesi.able 
galvanic cell. 

There are many possible combina- 
tions for connecting anodes to the pipe 
line. The size of anode, the number, 
their distance apart, the distance from 
the pipe line, and the like, are all func- 
tions of the use to be made of the anode. 
A number of anodes spaced from 5 to 
50’ apart along the right-of-way may 
be attached to a single wire running 
parallel to the pipe line. This wire in 
turn will be connected to the pipe line at 
about 500’ interva!s. In other cases indi- 
vidual anodes are directly connected by 
wire to the pipe line and these anodes 
will be whatever distance apart required 
to insure that some current, small 
amount though it may be, is flowing 
onto every square foot of the pipe line it 
is proposed to protect. 

Figures 8 and 9 show typical installa- 
tions of these combinations. 
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Figure 8. Cathodic Protection: Single 
Anode Installation. 


Figure 9. Cathodic Protection: Multiple 
Anodes in Series Installation. 


When the ribbon type magnesium 
anode is used, it is plowed under the sur- 


face of the ground and runs parallel to 
the pipe line. The pipe and ribbon are 
connected by insulated wire at intervals 
a‘ong the length of the instal‘ation. This 
continuous ribbon type anode is plowed 
in by using a conventional cable laying 
plow (Figure 10). 

The number of locations at which it is 
possible to use this ergy ribbon is 
limited by the fact that ¥%” x %4” ribbon 
weighing about a quarter of : a pound per 
foot does not prov:de a very large mass 
of magnesium at any one place along 
the pipe line. Therefore, it cannot be 
used where relatively large amounts of 
current will flow onto the line. For the 
most part, installations of ribbon may 
be used in soils having a re!atively high 
resistance to the flow of electricity, for 
ordinary installations on small diameter 
pipe, or where it is on!y desired to pro- 
tect the line for a short period, say five 
to ten years. 


RIBBON CONNECTED TO 
PIPE AT S00 INTERVALS 


Figure 10. Cathodic Protection: Magne- 
sium Ribbon Installation. 





Most installations of magnesium are 
designed so that the magnesium anodes 
will provide a small amount of current 
flowing onto each square foot of the 
pipe line and still have sufficient mass 
of magnesium to last at least 25 years. 

The magnesium anode will corrode 
to provide this protection, and enough 
must be installed so that the amount of 
magnesium present is sufficient to pro- 
vide met.1 to corrode for the period over 
which it is proposed to protect the pipe 
line. 

The type of anode installation to be 
made is a matter of choice to the corro- 
sion engineer. The installation he selects 
will depend upon a number of factors 
such as the size of the pipe line, the 
number and activity of the galvanic cells 
existing along the pipe line, whether or 
not the soil offers very much resistance 
to the flow of electricity, and of course, 
how many years of life it is desired to 
add to the unprotected normal life of the 
line. 

When magnesium anodes are installed 
in connection with the regular mainte- 
nance and repair program of the pipe 
line, there is no necessity for having a 

“profi‘e” or other special tests. Any time 
it becomes necessary to replace a short 
piece of line, two or three anodes or one 
anode for each 20’ joint can be installed 
at the same time in the same ditch with 
the pipe (Figure 11). 
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Figure 11. Cathodic Protection: Magne- 
sium Anodes to Protect Old and New 
Pipeline. 





Once the fie!d crews have been shown 
how to make the installation, they can 
continue by themselves. There is no 
need for a corrosion engineer to be on 
hand for each individual job. 

If some particular spot along the pipe 
line is developing pit hole leaks, then a 
single 8” magnesium anode can be in- 
stalled at the time the pit hole saddle is 
attached (Figure 12). Once again, the 
field crews repairing the leak can make 
the installation of the anode. 
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Figure 12. Cathodic Protection: Single 
Anode Installation in Leak Repair Bell 
Hole. 





With expendable anode installations 
the deliberate use of an insulated joint 
may become a very desirable feature. By 
properly isolating various sections of 


the line, one from the other, it is often 
possib!e to protect the line against corro- 
sion without affecting other sections not 
requiring protection, and perhaps even 
make it possible to use fewer anodes to 
secure the desired protection. This is 
particularly true on distribution systems. 
Figures 13 and 14 show typical instal- 
lations of magnesium anodes on dis- 
tribution mains and services that are 
electrically insulated from other struc- 
tures. 

Expendable magnesium anodes can 
be extremely valuable to prevent the 
corrosion of coated pipe on both trans- 
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Figure 13. Cathodic Protection: Anode 
Installation on Distribution Piping. 





Figure 14. Cathodic Protection: Anode 
Installation on Coated Distribution Sys- 
tems of Gas Pipeline. 


mission and distribution piping but par. 
ticularly on distribution systems. Figure 
15 shows the cross section at a pipe wal] 
of an insulated line having two small 
defects in the coating, called “holidays.” 
Any galvanic currents flowing in the 
pipe line will be concentrated at these 
p!aces where there is no barrier to the 
flow of the current from the pipe to the 
ground, with the result that extreme and 
rapid pitting may occur. By installing a 
magnesium anode and connecting it to 
the coated pipe (Figure 16), it is pos- 
sible to prevent the flow of current from 
the pipe to soil at these holidays, and in- 
stead, force current to flow from the 
magnesium anode to the ground, 
through the hole in the coating onto the 
pipe line, returning to the magnesium 
anode through the insulated wire. The 
magnesium anode will corrode instead 
of the pipe. 
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Figure 15. Concentration of Corrosion at 
Breaks and Pin Holes in Coating. 
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Figure 16. Pipe Protection with Coating 
and Anodes. 





Measurement of pH in Soils and Water 


term “pH” actually means. Briefly, 

pH is a measure of the acidity or al- 
kalinity of a solution. 

pH does measure the strength of an 
acid; it does not necessari!y measure the 
amount of the acid. Weak acids such as 
acetic can be added in moderate amounts 
to a solution without radically affecting 
the acid:ty. Similar amounts of strong 
acids like sulfuric, when added to the 
same solution, will cause a large change 
in acidity. Strength or weakness of an 
acid depends upon the extent of disso- 
ciation, or ionization, of the acid to give 
hydrogen ions. The greater the ionization 
of the acid, the more the hydrogen ion 


|" is important to understand what the 
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activity and the greater the acid‘ty of thew in pH value can mean a large error in 


solution. 

The pH scale is a convenient logarith- 
mic express:on of the hydrogen ion con- 
centration in terms of a normal solution. 
On this scale, 7 is neutral, while lower 
numbers indicate greater acid‘ty and 
higher numbers, less acid‘ty (greater al- 
kalinity). For practical purposes the pH 
scale is considered as encompassing the 
ranges 0 to 14, since solutions with pH 
values above or below this range are 
rarely encountered. On the pH scale, a 
solution of pH 4 is ten times as acid as 
one of pH 5 and one-hundred times as 
acid as a solution of pH 6. A small error 


acid activity. A pH of 7 is neutral or 
neither acid nor a!kaline. 

The two general methods for deter- 
mining pH are the colorimetric and e/ec- 
trometric methods. The two operate on 
entirely different principles and have 
corresponding differences in utility and 
accuracy. 

Careful consideration of each appli 
cation is advisable before deciding upon 
a particular method of pH measurement. 
Equal consideration should a!so be g ven 
to future applications since the eq lip- 
ment for a given application may be ol 
litt'e value should requirements und«rgo 
a change. 
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orimetric pH measurements 
he colorimetric method for pH de- 
nination utilizes certain organic sub- 
ces, called “indicators,” which 
ge color with change in pH. The 
p.est color pH test is by means of pa- 
; impregnated with indicator dye. 
hese papers are subject to a number of 
errors, some of which are d'scussed be- 
low. Under favorable cond‘tions, and in 
experienced hands, “long-range” ind‘cat- 
ing papers may give an accuracy of about 
one-half pH, and “short-range” papers, 
one-quarter pH. In general, however, re- 
sults with papers shou!d be considered 
only approximations of actual hydro- 
gen-ion concentration since important 
errors can occur under some conditions. 

Colorimetric pH measurements made 
by adding solutions of individual indi- 
cators to the samp!e are based on the as- 
sumption that when equal quantities of 
an indicator are added to equal quanti- 
ties of solutions which have the same pH 
value, identical colors will be produced. 
While this is not strictly true, colori- 
metric pH determinations are useful, 
providing proper care is taken in making 
each measurement. 

If the colorimetric method is used with 
samp!es of unknown pH, it is advisable 
first to make an approximate determina- 
tion so that the proper ind:cator can be 
selected. Each indicator has a range of 
about 1.5 pH, and, by using a variety of 
indicator sets, most of the pH range can 
be covered. 

It is essential in making colorimetric 
measurements that the test tubes, pi- 
pettes, and other vesse!s used be kept 
scrupulously clean, and glassware, sam- 
ples and indicator solutions be protected 
from fumes and dust. Care must also be 
taken to protect the colored “standards,” 
such as paper, celluloid, glass, or liquid, 
against fading. Comparison of sample 
color against standards must be made 
under ordinary daylight. If this is not 
possible, special accessory illumination 
equipment shou!d be emp!oyed to simu- 
late daylight conditions since ordinary 
artificial light is not satisfactory. 

Some limitations of the co!orimetric 
method are apparent. The method de- 
pends upon acuteness of vision; cannot 
be adapted to continuous pH measure- 
ment or automatic pH control; requires 
a number of chemicals, racks and special 
g'assware; is not useable in enclosed sys- 
tems such as pipe lines. Add tional diffi- 
cu'ties are encountered especially in field 
measurements, notab'y that the colori- 
metric method is inapplicable to colored 
or turbid samp!es, often encountered in 
corrosion measurements. 

tis a'so important to understand some 
of the method’s less obvious limitations. 
It has been found that the add’tion of the 
inc cator, actually a weak acid or weak 
base, changes the pH of the solution un- 
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der test. In the case of slightly buffered 
or unbuffered solutions, this error can 
be a good fraction of a pH unit or more. 
Temperature errors are a!so encountered 
—phenolphthalein, for examp!e, intro- 
duces an error of 0.15 pH per 10°C 
change. Other errors arise from specific 
adsorption effects in colloidal suspen- 
sions, from salt effects, dilution, dchro- 
matism, hydrolysis, chlorination, etc. 

In some cases, special equipment or 
techniques can be employed in an effort 
to eliminate or correct for these errors. 
Generally, however, comp!ications oc- 
cur and, especially where accuracy is a 
consideration, the electrometric method 
shou!d be emp!oyed. 


Electrometric pH measurements 

The e‘ectrometric method takes ad- 
vantage of the fact that, with two elec- 
trodes in the solution, a voltage is de- 
veloped at the electrode which is di- 
rect-y re‘ated to the pH. By amplifying 
and measuring this vo‘tage, the pH of the 
solution can be read directly from a su:t- 
able meter scale. Modern pH meters em- 
p!oying the glass electrode operate in 
precisely this fashion. 

Among the advantages of the electro- 
metric method are greater versatility, ac- 
curacy and convenience of use. Measure- 
ments can be made under virtually all 
cond-tions of temperature, pressure, and 
composition of solution in the field as 
well as in the laboratory. 

The two principal units required for 
electrometric determinations are the pH 
meter and an electrode pair. The elec- 
trode pair consists of a reference elec- 
trode, usually a calomel type, and a pH- 
sensitive electrode which can be one of 
several types. 

One such type is the hydrogen elec- 
trode on which the pH scale is based. 
The hydrogen electrode, however, is not 
considered practical, since the use of 
hydrogen gas is inconvenient and the 
electrode is readily poisoned by many 
substances. Another pH-sensitive type 
is the quinhydrone e!ectrod2 which, un- 
der favorab!e conditions, works rather 
well in the acid region. A third type is 
the antimony electrode which undergoes 
a change in potent'al more or less re- 
lated to change in pH. All three types 
have at least one basic fault: in the pres- 
ence of oxidizing or reducing substances 
in the sample, reactions occur at the elec- 
trodes which give rise to misleading re- 
su ts. The one electrode which is ideally 
su:ted for pH measurements is the glass 
electrode. 

The performance of the g'ass elec- 
trode depends large'y upon the type of 
giass from which the pH-sensitive im- 
mersion tip is made. In the past, most 
e'ectrodes used thin bulbs of soda!ime 
g'ass. A recently developed electrode 
uses general purpose g'ass, and the man- 
ufacturer claims it is superior because of 


its greater versatility. This new glass en- 
ables a single electrode to cover the tem- 
perature range from freezing to boiling 
as well as almost the entire pH range. 
The g'ass tip is so rugged that it can 
withstand considerable abrasion and 
even accidental impact against hard ob- 
jects. Of special interest for field use is 
the ability of this general purpose g!ass 
e'ectrode to measure the pH of soil or 
surfaces which have only a trace of 
moisture. There is virtually no danger of 
breakage even if the electrode is thrust 
into the soil. 

With ordinary e‘ectrode glasses, and 
to a lesser extent with general purpose 
g'ass, deviations from the actual pH oc- 
cur in high pH solutions containing high 
concentrations of sodium ions. Sodium- 
ion errors can either be compensated for 
by adding corrections obtained from a 
chart, or eliminated by using g!ass elec- 
trodes made from either amber g'ass or 
type “E” g'ass. Amber g'ass is recom- 
mended by one manufacturer for high- 
temperature measurements at any pH, 
even in boiling solutions of high acidity 
or a‘kalinity. 


The pH meter 

pH Meters are available for every set 
of requirements. For portable field use, 
instruments are available which carry 
the necessary items for pH measurement 
within its case. These are simple to op- 
erate and withstand even rough handing. 
For the laboratory, battery-operated and 
a-c operated pH meters are available. 
Continuous fully-automatic pH record- 
ing and control of process solutions in 
pipelines, vats and tanks is made possible 
by the large, line-operated pH indicators. 

Actual operation of some makes of pH 
instruments has been considerably sim- 
plified. With the electrodes in the sam- 
ple, all that is necessary to make a meas- 
urement in a series is to move a knob 
or push button, and the pH reading ap- 
pears directly on a dial or meter. With 
these modern instruments, standardiza- 
tion requires only a sing!e buffer check. 
Temperature compensation is generally 
built into the meter, and no calcu!ations 
are required. One manufacturer sup- 
plies an internal!y-shielded g'ass elec- 
trode with a continuous, shielded cable 
and has eliminated the otherwise-serious 
effects of e'ectrostatic interference, so 
that accurate measurements can be made 
even in the presence of powerful electri- 
cal machinery. Maintenance consists 
merely of occasional add'tion of sat- 
urated KCI solution to the reference 
electrode; newly designed glass elec- 
trodes are entire'y factory-sealed. 
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Nipple-and-Can Test of Soil Corrosivity 


corrosivity is determined by the loss 

in weight of a steel nipple that is im- 
mersed in the nearly water-saturated soil 
and subjected to electrolys:s under a po- 
tential of two volts for 24 hours. 

The nipp!es used are 4” unthreaded 
lengths of %2” stock black pipe which 
are cleaned by sandblasting, and identi- 
fied by letters or numbers stamped near 
one end. Used nipp!es may be sand- 
blasted and used again. All foreign ma- 
terial such as rust, paint, grease or dirt 
is removed with a wire brush or a suita- 
ble solvent, such as benzene or carbon 
tetrachloride. After sandb!‘asting the nip- 
ples are wire-brushed to remove any 
particles of sand adhering to them. The 
nipp‘es are then weighed, the weight be- 
ing determined in grams to the first deci- 
mal. 

The soil sample is crushed with mortar 
and peste, if necessary, and a! extrane- 
ous matter, such as p!ant roots, leaves, 
wood, paper and aspha!t, is removed. 
Samples containing excess water are air 
dried. Do not drain off any excess water. 

A one-pint friction top can, 4” deep 
by 3%” diameter, with cover and top 
rim removed is used as a container, and 
also serves as the cathode of the test cell. 
It may be used over and over until it 
corrodes through, as long as it is thor- 
oughly scrubbed with a brush and hot 
water between each test. 

The test cell is assembled by inserting 
a No. 1 rubber stopper in the unident:fied 
end of a nipple leaving 42” protruding, 
and placing this assembly in the center of 
the can with the stoppered end down, the 
stopper serving as an insulator. A cork 
stopper is placed in the upper end of the 
nipple to prevent any soil getting inside 
the nipple. Soil and distilled water in the 


|: the nipple-and-can method, the soil 


correct proportions to bring the soil 
slightly below the saturation point are 
p.aced in the can around the nipple, fill- 
ing the can nearly to the top. More water 
may be added !ater if the soil dries out, as 
it is important that the soil remain at 
least 50° saturated throughout the test. 
Soils that do not readi'y absorb water 
may be mixed before placing in the can. 

The cork stopper is removed from the 
nipple, and the nipp!e is connected to the 
positive terminal of a two-volt storage 
battery, making it the anod2. The nega- 
t:ve terminal of the battery is connected 
to the can. After a pericd of 24 hours 
the battery is disconnected, the nipple 
is removed and immediately washed in 
warm tap water, steel wool being used 
to remove the soil and heavier corrosion 
products if necessary, and then p'aced 
in a boiling 2% solution of ammonium 
citrate unt.1 thoroughly clean. The nip- 
ple is then washed with boiling water, air 
dried, and weighed. The loss in weight is 
reported as the nipple-and-can corrosion 
index. 

Where a large number of tests are to 
be made it is convenient to assemble a 
number of cans, such as twelve, in a 
wooden rack, the cans being soldered to 
copper or brass strips mounted on re- 
movable shelves, the strips being con- 
nected to the negative terminal of the 
battery. Wires are mounted on the under 
side of the shelves, to which are con- 
nected flexible wires terminating in bat- 
tery clips, which may be fastened to the 
nipples. These wires are connected to the 
positive terminal of the battery through a 
time switch, which may be set for the re- 
quired 24-hour period. This allows tests 
to be run over the weekend, and elimi- 
nate the human element in timing the 
test. No appreciable error is introduced 


by allowing the nipples to remain in the 
soil for a day after the current is shut off 


Classification of soils 


The following classification has been 
arbitrarily chosen as satisfactory. 


Soil map 
color code 
Green 
Yellow 
Brown 

Red 


Corrosion 
index 
0.0 to 0.5 
0.5 to 0.75 
0.75 to 1.5 
1.5 and over 


Type of soil 
A—Good 
B—Fair 
C—Bad 
D—Very bad 





This method has been used extensively 
and appears to be satisfactory for the 
types of soils occurring in California and 
other areas where the soils are alkaline. 
There are few checks on the reliability 
of the method when applied to the acid 
soils of the East. Some of the advantages 
of the test are ease of manipulation, 
speed (many tests may be run at the 
same time), and the extensive correla- 
tion that has been obtained with field ex- 
perience. Some of the objections to the 
test are that the app!‘ied voltage is greater 
than that occurring in soil corrosion, and 
that the loss of weight is caused by and 
is proportional to the current flowing. 
The current is determined by both the 
soil resistance and polarization. How- 
ever, it has been shown that similar data 
are obtained when six volts is used, and 
the decrease in current due to polariza- 
tion seems to be a characteristic of the 
particular soil. 
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Design and Operation of Baltimore 


veloped for operations at Baltimore 

embodies the principles of heating 
the sweep gas rather than supplying di- 
rect heat to the oil; continuously con- 
tacting the hot gas with fresh oil, and 
continuously removing the residue of un- 
vaporized oil from contact with the gas 
stream. The fogging rate is positively 
controlled through the rate at which oil 
is added to the gas by a controlled-vol- 
ume pump. 

Two years of trouble-free operation 
have demonstrated the advantages of 
this type of fogging equipment. The fog 
produced has excellent stability, and has 
been found widely distributed through- 
out the system. 

A means of clearly establishing the 
presence of oil fog in the gas has been 
developed. 


Tv new type of hot oil fogger de- 


Approximately six weeks prior to the in- 
troduction of natural gas, we started oil 
fogging operations in an effort to assure an 
oil wet distribution system before conver- 
sion. When natural gas was temporarily 
introduced into the system at other points 
to facilitate conversion, small oil foggers 
were placed in operation at these locations 
to oil wet any dust present so as to prevent 
its movement. 

In considering the conditioning of nat- 
ural gas prior to conversion, it was decided 
to try to condition the mains so that they 
would continue to function the same with 
natural gas as when manufactured gas was 
distributed. This involved both humidify- 
ing and adding oil to the natural gas. In 
this way it was hoped that the leakage and 
dust troubles encountered by others after 
conversion to natural gas would at least be 
minimized. 

An additional reason for the applica- 
tion of oil fog was to coat with oil the rust 
in the mains and thus reduce to a large 
extent the removal of the mercaptan-type 
odorant we were using. This removal is ac- 
celerated by the catalytic action of the iron 
oxide. 

\n investigation of the literature and a 
study of our previous experience indicated 
clearly that the hot oil fogger, which utilizes 
the principle of obtaining oil fog by sud- 
lenly cooling a hot gas stream carrying oil 

por, produces a fog of maximum stability 

carrying power. 


Seven fogging considerations 


ur experience with oil fogging, covering 
1 cumber of years, had brought to light 
y features which it appeared should be 
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Oil Foggers 


by O. W. Lusby 


Consolidated Gas Electric Light and 
Power Company of Baltimore 


incorporated in the design of a hot oil fog- 
ger to obtain continuous trouble-free opera- 
tion, adequate control of fogging rates and 
maximum fog stability. Thése factors are 
briefly as follows: 


1. No heat should be applied directly to 
the oil. The necessary heat should be sup- 
plied to the “sweep” gas before contracting 
the oil to be vaporized. In this way the pos- 
sibility of the carbonization of the oil on 
heat transfer surfaces with consequent ad- 
verse effect on fogging rates is avoided. 

2. The heated gas should preferably be 
made to flow counter-current to the oil in 
order to obtain maximum vaporization of 
the oil for a given sweep gas flow and tem- 
perature. 

3. In order to adequately control the fog- 
ging rate, the fresh oil should be added to 
the heated gas stream in a positively con- 
trolled manner which eliminates any possi- 
bility of flooding and over-fogging. 

4. In order to maintain constant fogging 
rates, the spent oil residue should be re- 
moved continuously from the vaporiza- 
tion tower of the fogging equipment and not 
permitted to return to or mix with the fresh 
fogging oil. 

5. The hot gas carrying the oil vapor 
should be introduced directly into the main 
gas stream. In this way the gas is cooled 
rapidly and a high concentration of fog 
particles is avoided and coalescence thereby 
reduced. 

6. Open flames should be eliminated to 
reduce fire and explosion hazards. This per- 
mits the installation of these foggers at the 
most advantageous locations. 

7. As a further safety measure, the heat- 
ing of large volumes of oil in the fogger 
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Oil fogger for low pres- 
sure stations, designed to fog 7.5 
gals. of oil per day. Sweep gas 800- 
1,000 cu. ft. per hr. 


Figure 1. 











should be avoided. The design should also 
permit the storage of fogging oil at any con- 
venient, safe location. 


We were unable to find on the market a 
hot oil fogger meeting these requirements. 
Foggers were therefore developed, incor- 
porating the indicated features. Extensive 
experience has been secured by our operat- 
ing department with all three types with 
entirely satisfactory results. 

The first drawing shows a small fogger 
designed for an outlying station where oil 
requirements are limited to a few gallons 
per day. 

This fogger was designed to operate at a 
station where the gas pressure is reduced. 
The sweep gas is passed through the fogger 
from the high to the low pressure main and 
the gas flow is controlled by adjusting the 
pressure regulator shown on the right of 
the drawing. 

A solenoid valve follows the pressure 
regulator. With this arrangement the op- 
eration of the fogger can be made entirely 
automatic by connecting a timing device. 

Following the solenoid is an orifice which 
may be used with either an indicating or re- 
cording flowmeter to measure the flow of 
sweep gas. 

The cold sweep gas enters the bottom of 
the electric heater which has a capacity of 
four to five thousand watts. This type of 
fogger may be operated with a gas-fired or 
steam heater if it is desirable. 

It is important that the gas pass up 
through the heater and that the thermo- 
regulator controlling the gas temperatures 
be located at the top of the heater. With 
this arrangement, if the gas flow should 
be interrupted, heat from the heating ele- 
ments will rise and the thermoregulator will 
cut off the current. As a further safety meas- 
ure, we have employed two thermoregula- 
tors connected in series and arranged so 
that if the controlling regulator should fail, 
the second will operate at a temperature 
50°F higher. 

The temperature of the gas at this point 
is usually maintained at 350° to 400°F. 
However, it has been determined that tem- 
peratures as high as 500°F may be em- 
ployed without decomposition of gas or 
oil. Use of higher temperatures permits in- 
creasing fogging rates substantially. 

In passing up through the tower packing, 
counter-current to the oil flow, the hot gas 
heats and vaporizes the oil. The gas should 
leave the top of the tower at temperatures of 
300 to 400°F, depending upon the boiling 
range of the fogging oil. 

From this point the hot gas with oil vapor 
passes through an insulated line to the main 
gas stream where it is rapidly cooled by 
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Figure 2. Oil fogger for high pres- 
sure stations designed to fcg 10 gals. 
of oil per day. Sweep gas 5,000- 
6,000 cu. ft. per hr. Designed to op- 
erate at 150 psig and 400°F. 











mixing with the cold gas, thus producing a 
stable fog. It is important that this line 
should be as short as possible. lf a long line 
is required, heat should be added in order 
to prevent cooling of sweep gas and the con- 
densation of oil vapor. 

Approximately three inches of packing 
are placed in the tower above the point of 
introduction of the oil to reduce to the 
minimum the quantity of unvaporized oil 
carried in the gas stream. 

The fogging rate is controlled by the rate 
at which oil is delivered to the tower. 

We have followed the practice of supply- 
ing the oil by means of a smail controlled 
volume pump equipped for adjustable feed 
rates. 

Fresh oil is added continuously to the 
vaporizing tower and the unvaporized resi- 
due is collected in a reservoir at the bottom, 
out of contact with the gas stream. Not 
more than 80 to 90 per cent of the oil added 
should be vaporized in order that the resi- 
due may remain fluid and drain readily 
from the tower packing. The percentage of 
the oil vaporized may be controlled by 
either changing the sweep gas rate or the 
operating temperature. 

The second drawing shows a fogger of 
the same type which was, however, designed 
for a distribution system operating at 100 
to 120 psig. 

The seven-fold increase in gas pressure 
requires the use of approximately seven 
times the quantity of sweep gas to secure 
the same oil vaporization rate as that ob- 
tained in a low pressure fogger. 

The third drawing shows a large oil fog- 
ger designed for use at our principal dis- 
tribution center where steam is readily 
available. 

In this installation the sweep gas is heated 
by steam in a heat exchanger. In this design 
the oil is atomized into free space between 
layers of Raschig rings. This arrangement 
was used because we thought that the resi- 
due from the larger volume of oil for which 
this fogger was designed might clog a thick 
bed of tower packing. Experience has 
shown this precaution was not necessary. 

The sweep gas rate has been about 20,000 
cubic feet per hour and the oil fogged has 
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averaged 50 to 60 gallons per day. During 
the past winter this fogger operated con- 
tinuously without a single interruption. The 
oil residue Grained from the bot.om has 
been held at 20 to 25 per cent of that added. 
No solid residues have accumulated in the 
Raschig rings. 

When foggers of this type were first 
placed in operation, the distance of travel 
and distribution of the fog were carefully 
studied. 


Distance tests 
The last fogger discussed, when placed 
in operation, was fogging oil at a rate of 50 
gallons per day, which was equivalent to 
¥% of a gallon of oil per million cubic feet 
of gas. Wien oil had appeared at four test 
points in the distribution system and could 
be definitely identified as fogging oil, these 
distances from the fogger were noted: 
0 ee rere eee 2.4 miles 
RPE < 60s sc cb aie 54-2 See 8.8 miles 
I a) 5d, Co's Las ernsate a ence 3.9 miles 
NE sg su cincck dpe kwis ake 6.1 miles 


Two additional test locations were in- 
stalled and fogging oil was found: 

Peeerenes MO oe ict as cs 7.5 miles 

ME ok Sek kee ts tae es 5.25 miles 


The excellent stability and transit of the 
fog produced by this equipment are also 
demonstrated by the fact that only negligi- 
ble amounts of oil have been found in the 
mains close to the fogging locations. The 
excellent control is further demonstrated by 
the fact that no excessive oil has been found 
in customer service lines Iccated close to 
the fogging points. 

The fogging oil we use is a paraffin base 
oil which has been acid washed and dis- 
tilled. It is made from selected stock to as- 
sure stability. Its distillation range is: 


1 per cent over 


The viscosity of the oil is approximately 
50 seconds at 100°F, Saybolt Universal. 

It has been our practice to condition new 
or dry systems with oil fog at a rate of |4 
to 2 gallons of oil per million cubic feet of 
gas. We believe about one gallon per mil- 
lion is sufficient once the system becomes 
oil wet. 

Because of the high stability and carry of 
the fog made with this equipment these 
quantities are usually adequate. Higher fog 
concentration should be employed with cau- 
tion because of possible trouble due to oi 
at customers’ appliances. 


Summary of results 

It has now been more than two years 
since straight natural gas was first intro- 
duced into our system. We have had no 
evidence of dust movement or trouble in 
any part of the system and have had no in- 
dication of more than the usual negligible 
leakage from our mains. A further benefit 
has resulted in that we have experienced 
only minor difficulty in obtaining sufficient 
concentration of the mercaptan-type odor- 
ant in all parts of our distribution system. 

Our experience on several occasions has 
definitely established the fact that an oil 
wet system is a “must” for maintaining de- 
sired odorant concentration. 

Based on these considerations, we be- 
lieve that our extensive gas conditioning 
program, which includes humidification as 
well as oil fogging, has paid dividends in 
good service and freedom from trouble. 





Note: Application has been made for let- 
ters patent covering the novel features of 
the apparatus and method described herein. 
—EbiTor. 
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Figure 3. High capacity-low pressure oil fogger 30,000 cu. ft. steam 
heated sweep gas per hr. Designed to fog 100 gals. oil per day. 
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Bibliography of Technical Presentations 
Before Gas Associations, 


fore gas association groups since 

October 1, 1952. They are arranged 
by subject and, where it seemed appro- 
priate, are included under more than 
one subject heading. 

Copies of these presentations are not, 
in all cases, avaiable for general distri- 
bution. The extent and manner of their 
availability must be determined indi- 
vidually through the associations. 

The associations before which these 
presentations were made are indicated, 
in all entries, by abbreviations for the 
names of the associations: 


T ioe presentations were made be- 


AGA...American Gas Association 
420 Lexington Avenue 
New York 17, N. Y. 

M-WGA Mid-West Gas Association 
c/o H. E. Peckham 
Northern States Power Co. 
St. Paul 2, Minn. 
Pacific Coast Gas Association 
2 Pine Street 
San Francisco 11, Cal. 

...Pennsylvania Gas Association 
7 North 9 Street 
Lebanon, Pa. 
. Southern Gas Association 

311 South Akard Street 
Dallas 1, Tex. 





Air conditioning 
See COMFORT HEATING AND COOLING. 


Automotive equipment 

AERIAL EQUIPMENT AND RELATED CHASSIS 
—Roy Balogh—AGA. 

CaPITAL EXPENDITURE MANAGEMENT OF 
THE Motor VEHICLE PROGRAM—Joel 
Dean—AGA. 

CHASSIS DESIGN CONSIDERATIONS FOR AE- 
RIAL EQUIPMENT—H. P. Strother— 
AGA. 

DRIVER TRAINING PROGRAM IN THE LONG 
ISLAND LIGHTING COMPANY—V. A. 
Howell—AGA. 

FACTORS AFFECTING DECENTRALIZATION OF 
GARAGES AND REPAIR SHOPS—Ran- 
dolph Whitfield—AGA. 

Motor VEHICLE OPERATION AND MAINTE- 
NANCE—E, M. Kelley—SGA. 

Motor VEHICLE OPERATION AND MAINTE- 
NANCE—Sid F. Gale—SGA. 

PENALTIES TO DRIVERS AND EQUIPMENT OP- 
ERATORS—R. B. James—AGA. 

PERFORMANCE AND SELECTION OF TRUCK- 
MouNTED HyDRAULIC TOWERS AND 
AERIAL Lappers—G. H. Ecke's— 
AGA. 

INCIPLES OF FLEET MANAGEMENT— 
Theodore L. Preble—AGA. 

ECTION OF WIDE-REACH AERIAL Ap- 
PARATUS AND CHASSIS MouNTs—O. B. 
Maxwell—AGA. 
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Truck CHassis SELECTION—Linn Edsall— 
AGA. 

VEHICLE MAINTENANCE 
Page—AGA. 


RecorDs—S. G. 


Burners 


APPLICATION OF AUTOMATIC IGNITION Sys- 
TEMS TO COMMERCIAL Gas COOKING 
EQUIPMENT—ICB 65—AGA. 

AUTOMATIC RANGE IGNITION—William R. 
Teller—AGA. 

COMBUSTICN SYSTEMS AND 
H. W. Schramm—AGA. 

NEw ASPECTS OF BURNER DESIGN AND OPp- 
ERATION CURRENTLY REVEALED BY RE- 
SEARCH—Herbert Luoma—AGA. 

STUDY OF BURNER FLEXIBILITY ON BASE 
AND PEAK Loap Gases—Project DGR- 
13-B—AGA. 

STUDY OF BURNER FLEXIBILITY ON BASE 
AND PEAK Loap GasEsS—RUR 1192— 
AGA. 


BURNERS— 


Burners, gas-and-oil 

BURNERS FOR GAS AND Om—Charles C. 
Eeles—AGA. 

INSTALLATION AND SERVICE PROBLEMS OF 
COMBINATION GAS AND OIL BURNERS 
—William V. Bell—M-WGA. 


Chimneys and venting 

POWER VENTING—Dean Draper—PCGA. 

SCIENTIFIC APPROACH TO GAS VENTING— 
Alan Kinkead—M-WGA. 

VENTING INCINERATORS ON Gas HEAT IN- 
STALLATIONS—Alfred H. Schroeder— 
M-WGA. 

VENTING OF Gas APPLIANCES—Frank 
Kch!es—M-WGA. 


Coal gasification 


GASIFICATION OF PULVERIZED COAL WITH 
STEAM AND OXYGEN AT ATMOSPHERIC 
PRESSURE—G. R. Strimbeck, J. B. 
Cordiner, N. L. Baker, J. H. Holden, 
K. D. Plants and L. D. Schmidt 
AGA. 

INFLUENCE OF OPERATING VARIABLES ON 
SYNTHESIS GAS PRODUCTION IN PREs- 
SURE COAL GASIFICATION—C. G. Von 
Fredersdorff and E. J. Pyrcioch— 
AGA. 

SELECTION OF CATALYTIC PROCESSES FOR 
NATURAL GaAs SUBSTITUTES FROM 
CoaL—E. S. Pettyjohn, H. A. Dirksen 
and C. G. Von Fredersdorff—AGA. 


Combustion 

COMBUSTION SYSTEMS AND 
H. W. Schramm—AGA. 

FUNDAMENTALS OF COMBUSTION—D. A. 
Campbell—AGA. 


BURNERS— 


Comfort heating and cooling 


DrreEctT-FireED Gas AIR CONDITIONER— 
John A. Gilbreath—AGA. 

COMPARATIVE PERFORMANCE OF A WARM- 
AtR CEILING SYSTEM AND A CONVEC- 
TION SYSTEM—RUB 401—AGA. 

HEATING CONTROL SYSTEMS FOR NEW 


1952-1953 


TRENDS IN HEATING—RADIANT, PERIM- 
ETER, ZONING AND COMMERCIAL— 
Louis Flagg—M-WGA. 

MANUAL FOR DESIGN OF BOX-PLENUM TYPE 
AIR CCNDITIONING Duct SysTEMS— 
RUR 1185—AGA. 

Room AIR DISTRIBUTION 
YEAR-ROUND AIR 
DGR-2-AC—AGA. 

STUDY OF PERFORMANCE CHARACTERISTICS 
oF Gas BOILERS EQUIPPED FOR HOT 
WATER AND SPACE HEATING SERVICES 
—RUR 1185—AGA. 


RESEARCH FOR 
CONDITIONING— 


Commercial applications 


DESIGN StTupIEs OF GAs DEEP FaT FRYERS 
—ICB 66—AGA. 


Compressor stations 


EXPERIENCES OF GAS TURBINE—CENTRIF- 
UGAL COMPRESSOR OPERATIONS— 
George C. Cooper, George White and 
E. A. Walsh—SGA. 

SOME RECENT DEVELOPMENTS IN THE GAS 
TURBINE FOR CENTRIFUGAL COMPRES- 
sor DriveE—F. O. Hennig—AGA. 

SPECIFIC HEAT DATA AND THE NATURAL 
Gas Compressor PLANT—R. W. 
Brooks—PCGA. 

SUPPRESSION OF AIR-BORNE PULSATIONS 
FROM COMPRESSOR ENGINE INTAKES— 
W. N. Lindblad—PCGA. 

UsE OF THERMO COMPRESSORS IN NATURAL 
Gas OPptRATIONS—Frank H. Dotter- 
weich—SGA. 


Corrosion 


Case History OF CATHODIC PROTECTION 
FOR THE UNDERGROUND Gas LINES OF 
MONTANA PoweER Co.—Carl R. Davis 
—AGA. 

CORROSION OF METALS AND MATERIALS BY 
THE PRODUCTS OF COMBUSTION AND 
Gaseous Fue_ts—Pro. DGR-4-CH— 
AGA. 

ECONOMICS OF CORROSION CONTROL— 
A. W. Peabody—AGA. 

EVALUATION OF SoiL SuRveEY Data—P. P. 
Skule—AGA. 

GALVANIC ELECTROLYSIS CONTROL—V. T. 
Penny—M-WGA. 

PROTECTIVE VALUE OF ZINC COATINGS FOR 
IRON AND STEEL IN Soits—I. A. Deni- 
scn—AGA. 

STUDY OF SOME VARIABLES WHICH AFFECT 
THE CORROSION RATE OF GALVANIZED 
STEEL HoT WATER STORAGE TANKS— 
Robert C. Weast—AGA. 

TWENTY YEARS’ PROGRESS IN CORROSION- 
RES:‘STANT COATINGS FOR EXTERIOR 
STEEL SURFACES—Ralph H. Everett— 
AGA. 

ULTRASONIC INSPECTION FOR’ INTERNAL 
PIPELINE CoRROSION—D. C. Erdman 
and S. K. Gally—PCGA. 

Use oF PLastic TaPEs vs. Hor ENAMELS— 
N. P. Peifer—AGA. 

VINYL TAPES FOR PROTECTION OF UNDER- 
GROUND Pipes—George M. Carter, Jr. 
—M-WGA. 
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Distribution 

CLEANING PROCESS EQUIPMENT WITHOUT 
DISMANTLING—M. P. Barbarin—AGA. 

COMMERCIAL TEST OF SELECTIVE H:S AbB- 
SORBENT—F. E. Miller and A. L. Kohl 
—PCGA. 

CONSTRUCTION OF 30-INCH PIPE TyPE 
STORAGE HoL_pER—H. F. Prudhomme 
—PCGA. 

DETERMINATION OF ATMOSPHERIC CON- 
TAMINANTS—G. D. Clayton—AGA. 

EMERGENCY PIPE LINE SUSPENSIONS—C. A. 
Sweningson—PCGA. 

ESTIMATING MAXIMUM-Day AND MaAkxi- 
MUM-HouR DEMANDS TO ASSIST IN 
DESIGN AND OPERATION OF DISTRIBU- 
TION SYSTEM—R. T. Miller—PCGA. 

EXPERIENCE TO DATE WITH PLASTICS IN 
THE Gas INDUSTRY—John F. Fugazzi 
—AGA. 

Factors WHICH HELP IN REDUCING COon- 
STRUCTION Costs—R. E. Haun— 
PCGA. 

GRAPHIC APPROACH TO PROBLEMS OF IN 
TERCHANGEABILITY—M. Frank Knoy 
—AGA. 

HIGH-PRESSURE SERVICE INSTALLATIONS- 
Kenneth W. Person—M-WGA. 

How To KEEP LP PLANTS READY FOR UsI 
—Dean B. Seifried—AGA. 

IMPROVEMENT OF NICKEL CRACKING CATA- 
Lysts—IGT 20—AGA. 

INFLUENCE OF OPERATING VARIABLES UPON 
SUBSTITUTABILITY OF HIGH-BTU Ol 
GasEs—E. F. Searight and H. R. Lin- 
den—AGA. 

INFLUENCING FACTORS ON THE FUTURE OF 
MANUFACTURED AND MIXED GASES— 
Earl H. Eacker—AGA. 

Loap StTuDy FOR DISTRIBUTION 
Data—R. I. Stark—PCGA. 

LP IN UTILITY PLANT OF TOMORROW- 
J. L. Turnan—AGA. 

MAINTENANCE OF STAND-BY PROPANE-AIR 
PLANTS—M. R. Engler—PCGA. 
MANAGEMENT VIEW OF DISTRIBUTION 
MAINTENANCE—Elting Henderson— 

PCGA. 

MATERIALS HANDLING IN THE SANTA CRUZ 
DisTRICT OPERATING Depot—J. G. 
Foster—PCGA. 

METERING FLUCTUATING Gas Loaps—Fred 
Peters—AGA. 

O1t SEALS FOR PROTECTION OF 
TION SysTEMS—Henry W. 
PGA. 

PHYSICAL AND CHEMICAL PROPERTIES OF 
PLasTicC PIPE MATERIALS—Warren G. 
Swisshelm—AGA. 

PipE LINE WELDING—Leonard J. Cunning- 
ham—M-WGA. 

POLICIES IN REPLACEMENT OF DISTRIBU- 
TION MAINS AND SeERvicCES—W. K. 
MacMahon—AGA. 

PROCEDURE AND EQUIPMENT FOR BLOWING 
DusT FROM TRANSMISSION PIPE LINES 
AND DISTRIBUTION NETWORKS—N. K. 
Senatoroff and E. Niederer, Jr. 
PCGA. 

PRODUCTION OF NATURAL GAS SUBSTITUTES 
BY CATALYTIC AUTOHYDROGENATION 
OF HiGH-Btu O1 Gases—H. A. Dirk- 
sen and C. E. Pierson—AGA. 

QUALITY CONTROL OF FUEL GASES—R. A. 
Sloan—AGA. 

SAFETY IN MAINTENANCE’ AND OPERATION 
OF STANDBY WATER Gas PLANTS— 
Willard J. Ball—AGA. 


DESIGN 


DISTRIBU- 
Parker- 
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SAFE Way OF MAKING CuT-OUTS ON LARGE 
SizE Low PREssuURE Gas MAINS— 
H. T. Libby—PCGA. 

SELECTION OF OILS FOR CARBURETTED 
WaTER Gas—IGT 9—AGA. 

SMALL PORTABLE COMBUSTION TUBE FOR 
OrsAt Type GAS ANALYSIS APPARATUS 
—Myron L. Robinson—PCGA. 

SoIL COMPACTION—C. C. Westmoreland, 
G. M. Babbe and S. K. Gally—PCGA. 

SPECIALIZED EQUIPMENT FOR HIGH-PREs- 
SURE SERVICE CONNECTIONS—Harry 
V. Seevers—M-WGA. 

STUDY OF BURNER FLEXIBILITY ON BASE AND 
Peak Loap GaseEs—RER_ 1192— 
AGA. 

STUDY OF BURNER FLEXIBILITY ON BASE 
AND PEAK Loap Gases—Pro. DGR- 
13-B—AGA. 

TRAINING SCHEDULE FOR UNDERGROUND 
PERSONNEL—D. E. Barthel—AGA. 

TRANSMITTER AND RECEIVER FOR PEARSON 
HoLipAyY DETECTOR—A. Leto and 
S. K. Gally—PCGA. 

UsE OF PLASTIC PIPE IN DISTRIBUTION Sys- 
TEMS—L. R. Pickup—SGA. 

UsE OF X-RAY TO CONTROL WELD QUALITY 
ON PIPELINE CONSTRUCTION—Harold 
Hovland—AGA. 


Gas as a raw material 

RECENT RESEARCH AND DEVELOPMENTS IN 
UsE OF NATURAL GAs AS A RAW Ma- 
TERIAL—R. C. Tallman—SGA. 


Gas Codes 

IRON CARBON EQUILIBRIUM 
Edward J. Ocean—AGA. 

PROTECTIVE DEVICES, PRACTICES AND CODES 
—J. B. Smith—AGA. 


DIAGRAM— 


Gas conditioning 


CONTROL AND RESOLUTION OF HIGH-BTU 
Ort Gas Tar EMULSIONS—H. R. Lin- 
den and R. Parker—AGA. 

CONTROL OF DusT IN Gas DISTRIBUTION 
SysTEMS—John H. Glamser—AGA. 

EFFECTS OF GAS CONDITIONING ON DIsTRI- 
BUTION SysTEMS—C. A. Kooke— 
AGA. 

ELIMINATION OF REBOILER IN GLYCOL-DE- 
HYDRATION PLANT—N. K. Senatoroff 
—PCGA. 

INSTRUMENTS FOR MEASUREMENT OF WaA- 
TER VAPOR IN NATURAL Gas—William 
M. Deaton—AGA. 

SCAVENGING—AIR COOLING TO ELIMINATE 
DETONATION—F. R. Cramer—PCGA. 

TAR DEHYDRATION REPORT—A. G. Wicht 
—AGA. 

TPC Omw-Gas Process—T. F. Loughry— 
AGA. 


Glass heating 

ANNEALING 
AGA. 

Gas APPLICATIONS IN GLAss INDUSTRY— 
Arthur H. Navarre—AGA. 

GLASS FORMING, FIRE-POLISHING AND TEM- 
PERING—Robert C. LeMay—AGA. 

GLass MELTING—Donald E. Sharp—AGA. 

SELECTION AND OPERATION OF GaAS-FIRED 
LeHrRs—ICL-54—AGA. 


AND DECORATING OF GLASS— 


Heating 


See COMFORT HEATING AND COOLING; CoM- 
MERCIAL APPLICATIONS: INDUSTRIAL 
Loab. 


High-Btu gases 

CONTROL AND RESOLUTION OF HIGH-B) 
Om Gas TarR EMULSIONS—H. R. Li 
den and R. Parker—AGA. 

EXPERIENCES IN THE PRODUCTION OF Hic) 
Btu GAS FROM NAPHTHA AND Kir 
SENE USING THE U.G.I. CycLic Cat, 
LYTIC REFORMING PROCESS—E. H. 
Smoker—AGA. 

INFLUENCE OF OPERATING VARIABLES UPON 
THE SUBSTITUTABILITY OF HIGH-Bri 
Oi GasEs—E. F. Searight and H. R. 
Linden—AGA. 

PRODUCTION OF NATURAL GAS SUBSTITUTES 
BY CATALYTIC AUTOHYDROGENATION 
OF HiGH-Btu O1L Gases—H. A. Dirk- 
sen and C. E. Pierson—AGA. 

SELECTION OF OILS FOR HIGH-BTU OIL Gas 
—IGT 12—AGA. 


Incinerators 


Gas INCINERATORS—SALES, INSTALLATION 
AND SERVICE—E. O. Olson—M-WGA. 

RECOMMENDATIONS FOR INCINERATION OF 
COMMERCIAL AND INDUSTRIAL WASTE 
MATERIALS—ICL-52—AGA. 


industrial load 


ANNEALING AND DECORATING OF GLASS- 
AGA. 

Basic HEAT TREATMENT OF FERROUS 
METALs—Stanton T. Oliger—AGA. 

BOILER CONVERSIONS—A. D. Frydendall— 
AGA. 

CasE HISTORIES OF Gas APPLICATIONS TO 
HEAT TREATING FURNACES—George 
McCormick—AGA. 

CERAMIC KiLNs—Harvey C. 
AGA. 

COMPLETE PLANT SURVEY AND SALES TECH- 
NIQUES AND Aips—Robert A. Modlin 
—AGA. 

DRYING AND FINISHING—Herman Gehn- 
rich—AGA. 

FIELD FOR DIRECT-FIRED SPRAY DRYING- 
William M. Clelland—AGA. 

Foop Processinc—Keith L. Valrance— 
AGA. 

FORGING AND Hot FoRMING—George P. 
Holman—AGA. 

Gas APPLICATIONS IN GLAss INDUSTRY- 
Arthur H. Navarre—AGA. 

Gas-DESIGNED STEAM BoIiLers—John K. 
Baker—AGA. 

GLass FORMING, FIRE-POLISHING AND 
TEMPERING—Robert C. LeMay— 
AGA. 

Gass MELTING—Donald E. Sharp—AGA. 

HEAT APPLICATIONS IN THE CHEMICAL IN- 
pustrY—Alfred C. Mueller—AGA. 

HEATING Liguips IN TANKS—RMaurice J. 
Dewey—AGA. 

HEAT TREATING ALUMINUM—E. §S. Bunn 
AGA. 

HEAT TREATING COPPER AND BrRAss—Arch 
H. Copeland, Jr—AGA. 

HIGH-SPEED INK DryinGc—Carl P. Mann 
AGA. 

INDUSTRIAL USAGE OF PREPARED ATMOS 
PHERES—Gladstone Keir—AGA. 

INVESTMENT CASTING—ICL-57—AGA. 

MELTING NoN-FERROUS METALS—Stewa't 
C. Parker—AGA. 

MISCELLANEOUS SMALL INDUSTRIAL PR‘ 
EsSSES—Carl Wierum—AGA. 

NATURAL GaAs vs. COAL AND OIL IN BRI‘ K 
INDUSTRY—ICL-55—AGA. 

OBSERVATIONS ON INDUSTRIAL Gas LO D 
BUILDING—Robert C. LeMay—AG 


Weller- 
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CE OF INDUSTRIAL Gas SALES IN OVER- 

Att Gas PicrurE—Arthur Secord— 
SGA. 

COMMENDATIONS FOR INCINERATION OF 
COMMERCIAL AND INDUSTRIAL WASTE 
MATERIALS—ICL 52—AGA. 

ECTION AND OPERATICN OF GAS-FIRED 
LeuHrs—ICL 54—AGA. 

HELL MOLDING—ICL-53—AGA. 

Sopa CRACKER BAKING IN CONTINUOUS 
BAND OvENS—ICL-56—AGA. 

SprAY DryYING—William M. Clelland— 
AGA. 

STEAM REQUIREMENTS OF _ INDUSTRIAL 
ProcesseEs—A. V. Leudemann—AGA. 

SruDY OF WEAR AND SERVICE PERFORM- 
ANCE OF GEARS, SURFACE-HARDENED 
BY INDUCTION HEATING AND BY HIGH- 
SpeEED Direct-Gas HEATING—Project 
1 G-4—AGA. 

TEXTILE AND PAPER PROCESSING—E. Gil- 
bert Silven—AGA. 

TooLs FOR THE HEAT TREATER—A. H. 
Koch—AGA. 

Use oF GAS FOR TEXTILE PROCESSING Op- 
ERATIONS—G. R. Van Kampen—SGA. 

Use oF GAS IN PROCESSING OF IRON AND 
STEEL—Robert Lynch—SGA. 

VirrEoUS ENAMELING—E. W. Dany— 
AGA. 


Instruments 


DESIGN, CONSTRUCTION AND INSTRUMEN- 
TATION OF MOBILE RESEARCH LABORA- 
TORY—Raymond C. Baird—PCGA. 

HEATING CONTROL SYSTEMS FOR NEW 
TRENDS IN HEATING—RADIANT PERIM- 
ETER, ZONING AND COMMERCIAL— 
Louis Flagg—M-WGA. 

INSTRUMENTS FOR MEASUREMENT OF Wa- 
TER VAPOR IN NATURAL GAas—William 
M. Deaton—AGA. 

SMALL PORTABLE COMBUSTION TUBE FOR 
Orsat TyPE OF Gas ANALYSIS APPA- 
RATUS—Myron L. Robinson—PCGA. 

TEMPERATURE MEASUREMENT AND CON- 
rROL—Raymond R. West—AGA. 

TRANSMITTER AND RECEIVER FOR PEARSON 
HoLipay DeETECTOR—A. Leto and 
S. K. Gally—PCGA. 

VALUE AND USE OF COMBUSTIBLE Gas De- 
TECTING INSTRUMENTS IN THE Gas IN- 
DUSTRY—John Sherwin—AGA. 


Leakage 


LEAKAGE DETECTION IN DISTRIBUTION Sys- 
TEM—V. W. Harper—PCGA. 

TRANSMITTER AND RECEIVER FOR PEARSON 
Hotmay Detector—A. Leto and 
S. K. Gally—PCGA. 

WINTER-TyPE LEAKAGE CONTROL SURVEYS 
—Stuart B. Eynon—PGA. 


LP gas plants 


How to Keep LP PLANTs READY FOR USE 
—Dean B. Seifried—AGA. 

LP in UTILiTy PLANT OF TOMORROW— J. L. 
Turnan—AGA. 

MAINTENANCE OF STAND-BY PROPANE-AIR 
PLANTS—M. R. Engler—PCGA. 
PROPANE-AIR STANDBY FOR INDUSTRIAL 
PLANTS—H. E. Thomas—AGA. 


Metallurgy 
SIC HEAT TREATMENT OF 
METALs—Stanton T. Oliger—AGA. 
C USES OF BRITTLE FRACTURES IN STEEL— 
Earl R. Parker—AGA. 


FERROUS 
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HEAT TREATING 
—AGA. 
HEAT TREATING COPPER AND Brass—Arch 
H. Copeland, Jr—AGA. 
MELTING OF NON-FERROUS METALS 
art C. Parker—AGA. 

STUDY OF WEAR AND SERVICE PERFORM- 
ANCE OF GEARS, SURFACE-HARDENED 
BY INDUCTION HEATING AND BY HIGH- 
SPEED Direct-Gas HEATING—Pro. I 
G-4—AGA. 

ULTRASONIC INSPECTION FOR INTERNAL 
PIPELINE CORROSION—D. C. Erdman 
and S. K. Gally—PCGA. 


ALUMINUM—E, S. Bunn 


Stew- 


Metering, meters 


CONTROL OF DOMESTIC METER-SET AP- 
PEARANCE—D. L. McLeod—PCGA. 

ECONOMIC COMPARISON OF SMALL IRON- 
CASE METERS vs. SMALL’ TINNED 
STEELCASE METERS—Charles Sevey— 
AGA. 

LARGE-CAPACITY METERS—SIZING, REPAIR- 
ING AND DEMONSTRATION OF FLOW 
PROVER TESTING—L. A. McGowan— 
M-WGA. 

METER FUNDAMENTALS—A. C. Bateman— 
AGA. 

METERING FLUCTUATING Gas Loaps—Fred 
Peters—AGA. 

ORIFICE METER MEASUREMENT AND CHART 
CALCULATIONS—Harold Morris— 
M-WGA. 

PERIODIC CHANGE PRACTICE ON DOMESTIC 
METERS, SHOP REPAIR PROCEDURE 
AND ReEcorDs—Charles Rambau— 
M-WGA. 

PROPER HANDLING OF GAs METERS—James 

Webb—AGA. 

AND EFFICIENT METER SHOP OPERA- 

TION—S. C. Brophy—AGA. 


SAFE 


Natural gas substitutes 

INFLUENCE OF OPERATING VARIABLES ON 
SYNTHESIS GAS PRODUCTION IN PREs- 
SURE COAL GASIFICATION—C. G. Von 
Fredersdorff and E. J. Pyrcioch— 
AGA. 

Our NaTuRAL Gas SUPPLY—WHEN WILL 
We NEED SUBSTITUTES, AND How 
WILL We GET THEM—C. F. DeMey 
—AGA. 

PRODUCTION OF NATURAL GAS SUBSTITUTES 
BY CATALYTIC AUTOHYDROGENATION 
oF HiGH-Btu Or Gases—H. A. Dirk- 
sen and C. E. Pierson—AGA. 

PROTOTYPE PLANTS FOR SYNTHETIC LIQUID 
FuELs—W. C. Schroeder—AGA. 

SELECTION OF CATALYTIC PROCESSES FOR 
NATURAL GAS SUBSTITUTES FROM 
CoaL—E. S. Pettyjohn, H. A. Dirk- 
sen and C. G. Von Fredersdorff— 
AGA. 


Odorization 

DETERMINATION OF ATMOSPHERIC CON- 
TAMINANTS—G. D. Clayton—AGA. 

Factors INVOLVING DESIGN OF ODORIZER 
INSTALLATIONS—N. A. Manfred— 
AGA. 

NATURAL GaAs ODORIZATION—H. L. Cline 
—AGA. 

ODORIZATION OF GAs—E. L. 
AGA. 


Henderson— 


Orifices 


TESTING LARGE-DIAMETER ORIFICE TUBES 
—E. E. Stovalli—AGA. 


Personnel training 


DRIVER TRAINING PROGRAM IN LONG ISLAND 
LIGHTING Co.—V. A. Howell—AGA. 

METHOD OF MEASURING EMPLOYEE MORALE 
—David G. Moore—AGA. 

SAFETY SEMINAR—ITS VALUE TO YOUR 
EMPLOYEES—William Rogers—AGA. 

SELECTION AND TRAINING OF ENGINEERING 
PERSONNEL—M. S. Viteles—AGA. 

SUPERVISORY RESPONSIBILITY FOR EM- 
PLOYEE RELATIONS—E. P. Noppel— 
SGA. 

TRAINING SCHEDULE FOR UNDERGROUND 
PERSONNEL—D. E. Barthel—AGA. 


Plastic pipe 

EXPERIENCE TO DATE WITH PLASTICS IN THE 
Gas INpbustry—John F. Fugazzi— 
AGA. 

PHYSICAL AND CHEMICAL PROPERTIES OF 
PLastTic PIPE MATERIALS—Warren G. 
Swisshelm—AGA. 

UsE OF PLASTIC PIPE IN DISTRIBUTION Sys- 
TEMS—L. R. Pickup—SGA. 


Pressure—control, relief 

CONTROL AGAINST EXCESSIVE DISTRIBUTION 
PRESSURES IN OMAHA—Howard Kel- 
logg—M-WGA. 

PRESSURE CONTROL AND RELIEF DEVICES 
FOR DiIstTRicT REGULATORS—H. A. 
Hoehne—M-WGA. 

SPECIALIZED EQUIPMENT FOR HIGH-PREs- 
SURE SERVICE CONNECTIONS—Harry 
V. Seevers—M-WGA. 


Regulators 

FUNDAMENTAL PRINCIPLES OF GAS REGU- 
LATION—H. Meuffels—M-WGA. 

HousE SERVICE REGULATORS—J. T. Stine— 
AGA. 

POSITIONING OF PISTON-OPERATED VALVES 
—F. M. Partridge and G. C. Wilson— 
PCGA. 

PRESSURE CONTROL AND RELIEF DEVICES 
FOR District REGULATORS—H. A. 
Hoehme—M-WGA. 


Research 

AUTOMATIC STORAGE-TyYPE DOMESTIC Wa- 
TER HEATER INVESTIGATION—E. F. He- 
brank—AGA. 

COMPARATIVE PERFORMANCE OF A WARM- 
AIR CEILING SYSTEM AND A CONVEC- 
TION SYSTEM—RUB 401—AGA. 

COMPARATIVE STUDY OF VARIOUS METHODS 
OF COOKING—ParT II—HEaAT APPLI- 
CATION IN GAs OVEN CoOKERY—RUR 
1182—AGA. 

DESIGN, CONSTRUCTION AND INSTRUMENTA- 
TION OF A MOBILE RESEARCH LABORA- 
TORY—Raymond C. Baird—PCGA. 

EXPECTATIONS REALIZED THROUGH RE- 
SEARCH—F. A. Kaiser—AGA. 

HEAT EXCHANGER DESIGN IN LIGHT OF 
AGA CorRROSION RESEARCH—John 
Corsiglia—AGA. 

IMPROVEMENT OF NICKEL CRACKING CATA- 
Lysts—IGT 20—AGA. 

MANUAL FOR DESIGN OF BOX-PLENUM TYPE 
AIR CONDITIONING Duct SyYsSTEMS— 
RUR 1185—AGA. 

PERFORMANCE OF A GAS-FIRED FORCED-AIR 
HEATING SYSTEM IN RESEARCH REsSI- 
DENCE—RUB 397—AGA. 

PHYSICAL-CHEMICAL PROPERTIES OF METH- 
ANE-NITROGEN MixtTurES—IGT 17— 
AGA. 
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RECENT RESEARCH AND DEVELOPMENTS IN 
THE USE OF NATURAL GAS AS A RAW 
MATERIAL—R. C. Tallman—SGA. 

SELECTION OF OILS FOR CARBURETTED WaA- 
TER Gas—IGT 9—AGA. 

STUDY OF BURNER FLEXIBILITY ON BASE 
AND PEAK Loap GasEsS—RER 1192— 
AGA. 

STUDY OF BURNER FLEXIBILITY ON 
AND PEAK Loap GasEs—Pro. 
13-B—AGA. 

STUDY OF PERFORMANCE CHARACTERISTICS 
oF Gas BOILERS EQUIPPED FOR Hot 
WATER AND SPACE HEATING SERVICES 
—RUR 1185—AGA. 

STuDY OF TABLE-ToP WATER HEATERS— 
RUR 1186-A—AGA. 

THERMODYNAMIC PROPERTIES OF NITROGEN 
—IGT 18—AGA. 

UTILITY OF THE Mass SPECTROMETER IN 
Gas INpustRY ANALYSES—D. _ V. 
Kniebes, J. E. Neuzil and G. L. Olson 
—AGA. 


BASE 
DGR- 


Safety 

ANNUAL SCHOOL’ INSPECTIONS—D. E. 
Hughes—PCGA. 

OPERATING SUPERVISORS ARE SAFETY MEN 
—E. E. Taylor—PCGA. 

PRESENT AND FUTURE CLAIMS PROBLEMS— 
Raymond W. White—PCGA. 

PROTECTIVE DEVICES, PRACTICES AND CODES 
—J. B. Smith—AGA. 

PUBLIC SAFETY AND THE Gas UTILITY— 
Alfred L. Dowden—M-WGA. 

RISING COMPENSATION COSTS IN THE GAS 
Utititry INpDUustry—G. J. Stone— 
AGA. 

SAFETY AND RESUSCITATION—C. A. Coutts 
—M-WGA. 

SAFETY IN MAINTENANCE AND OPERATION 


OF STANDBY WATER Gas PLANTs—Wil- 
lard J. Ball—AGA. 

SAFETY SEMINAR—ITS VALUE TO YOUR 
EMPLOYEES—William Rogers—AGA. 

SAFE WAY OF MAKING CuT-OUTS ON LARGE- 
S1zE_ Low-PREssuRE Gas MaINs— 
H. T. Libby—PCGA. 

VALUE AND UsE OF COMBUSTIBLE Gas DE- 
TECTING INSTRUMENTS IN THE Gas IN- 
DUSTRY—John Sherwin—AGA. 


Servicing and service practices 

Gas INCINERATORS—SALES, INSTALLATION 
AND SERVICE—E. O. Olson—M-WGA. 

INSTALLATION AND SERVICE PROBLEMS OF 
COMBINATION GAS-AND-OIL BURNERS 
—William V. Bell—M-WGA. 

SERVICE POLICIES IN RESPONSE TO UNUSUAL 
RequEsts—H. FE. Benninghoven— 
PCGA. 

SURVEY OF INDUSTRY SERVICING POLICIES 
—C. G. Segeler—AGA. 


Soil analysis 
See CORROSION. 


Standby plants 


See LP Gas PLANTs. 


Transmission 

EMERGENCY PIPE LINE SYUSPENSIONS— 
C. A. Sweningson—PCGA. 

FACTORS WHICH HELP IN REDUCING CON- 
STRUCTION Costs—R. E. Haun— 
PCGA. 

Pipe LINE WELDING—Leonard J. Cunning- 
ham—M-WGA. 

PROCEDURE AND EQUIPMENT FOR BLOWING 
DUST FROM TRANSMISSION PIPE LINES 
AND DISTRIBUTION NETWORKS—N. K. 
Senatoroff and E. Niederer, Jr.— 
PCGA. 


TRANSMITTER AND RECEIVER FOR PEARSON 
HoLipay DeETECTOR—A. Leto and 
S. K. Gally—PCGA. 

UsE oF X-Ray TO CONTROL WELD QUALITY 
ON PIPELINE CONSTRUCTION—Haroid 
Hovland—AGA. 


Underground gas storage 

CONSTRUCTION OF 30-INCH PIPE TYPE Stor- 
AGE HoL_peR—H. F. Prudhomme— 
PCGA. 

DEVELOPMENT AND OPERATION OF AN 
UNDERGROUND STORAGE PROJECT — 
W. E. Ferguson—AGA. 

EXPANSION IN UNDERGROUND STORAGE OF 
Gas—John B. Corrin, Jr.—AGA. 
UNDERGROUND STORAGE OF NATURAL Gas 

—J. J. Hedrick—M-WGA. 


Utilities 
See DISTRIBUTION. 


Venting 
See CHIMNEYS AND VENTING. 


Water heating 


AUTOMATIC STORAGE-TYPE DOMESTIC Wa- 
TER HEATER INVESTIGATION—E. F. He- 
brank—AGA. 

STUDY OF SOME VARIABLES WHICH AFFECT 
THE CORROSION RATE OF GALVANIZED 
STEEL Hot WATER STORAGE TANKS— 
Robert C. Weast—AGA. 

STUDY OF TABLE-ToP WATER HEATERS— 
RUR 1186-A—AGA. 


Welding 

Pipe LINE WELDING—Leonard J. Cunning- 
ham—M-WGA. 

Use oF X-RAY TO CONTROL WELD QUALITY 
ON PIPELINE CONSTRUCTION—Harold 
Hovland—AGA. 
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NEW TECHNICAL LITERATURE 








BOILERS, INDUSTRIAL 


\uTOMATIC Gas-Firep BoILers. Bulletin 
A-107. Eclipse Fuel Engrg. Co., Rock- 
ferd, Ill. 

EcutipsE SupPeER-Matic ScoTCH STEAM- 
BOILER PLANTS. Bulletin A-104. Pp. 10. 
Eclipse Fuel Engrg. Co., Reckford, III. 

Serres OF Gas Borcers. Bulletin 607. Na- 
tional Radiator Co., Johnstown, Pa. 








BURNERS 


Atco Gas BURNER TIPS AND Heaps. Bul- 
letin 526. Pp. 4. American Lava Corp., 
Chattanooga 5, Tenn. 

ECLIPSE CLOSED FLAME Gas-O1L BURNERS. 
Bulletin R-230. Series “CF”. Pp. 4. 
Eclipse Fuel Engrg. Co., Rockford, III. 

EcLipsE INJECTOR-TyPE Box BURNERS. Bul- 
letin H-9. Pp. 8. Eclipse Fuel Engrg. 
Co., Reckford, Ill. 

INDUSTRIAL COMBUSTION EQUIPMENT. Cat- 
alog 52. Pp. 12. Hauck Mfg. Co., 
Brooklyn 15. 

Secas PRS SpeEAR FLAME Gas BURNERS. 
Bulletin SC-1001. Pp. 4. Selas Corpo- 
ration of America, Philadelphia 34. 

SONNER TyPE LV Gas BurRNER. Bulletin 52- 
LV-1. Pp. 4. Sonner Burner Co., Win- 
field, Kans. 








COATINGS 


(See PipE PROTECTION, COATINGS) 








COMPRESSORS 


CENTRIFUGAL PRESSURE BLOWER. Bulletin 
K-100. Pp. 8. Eclipse Fuel Engrg. Co., 
Reckford, Ill. 

I-R COMPRESSORS FOR LIQUEFIED Gas 
TRANSFER. Bulletin 1052-A. Ingersoll- 
Rand, 11 Broadway, New York 4. 








CONTROLS 


(See INSTRUMENTS, CONTROLS) 








ENGINES, PUMPS 


DieseL ENsInes. Pp. 28. P & H Diesel div., 
Harnischfeger Corp., Crystal Lake, Ill. 

GALIGHER ACIDPROOF SUMP Pump. Bulletin 
SP-53. Pp. 4. Galigher Co., P.O. Box 
209, Salt Lake City, Utah. 

Gas, DreseL aNp Gas, DIESEL ENGINES. 
Bulletin L-71. Pp. 12. Cooper-Bes- 
semer Corp., Mount Vernon, O. 

Process Pumps. Bulletin 7277. Pp. 4. Cam- 
eron Pump division, Ingersoll-Rand, 
New York 4. 











ENGINEERING 


ENGINEERING, SUPERVISION, CONSTRUCTION 
AND OPERATION SERVICES. United En- 
gineering & Constructors, Inc., 1401 
Arch St., Philadelphia 5. 
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SPIRAXIAL Compressors. Bulletin SC-152. 
Pp. 4. Rocts-Connersville Blower, 
Dresser Industries, Inc., Connersville, 
Ind. 





FURNACES, INDUSTRIAL 


ALUMINUM MELTING FuRNaces. Bulletin 
310. Pp. 4. Lindberg Engrg. Co., W. 
Hubbard St., Chicago 12. 

BATCH PRODUCTION HARDENING FURNACES. 
Bulletin SC-161. Surface Combustion 
Corp., Toledo 1, O. 

CONTINUOUS ROLLER HEARTH FURNACES. 
Bulletin SC-160. Pp. 4. Surface Com- 
bustion Corp., Toledo, O. 

Ecuipse Gas-FirED Pot FuRNACEs. Bul- 
letin D-50. Pp. 8. Eclipse Fuel Engrg. 
Co., Rockford, Ill. 

EcLipse PRESSED STEEL Pots. Bulletin N-1. 
Pp. 4. Eclipse Fuel Engrg. Co., Rock- 
ford, Ill. 

SURFACE STANDARD RATED FuRNACES. Bul- 
letin SC-161. Pp. 4. Surface Combus- 
tion Corp., Toledo 1, O. 








GAS-AIR MIXERS 


EcLipsE VARI-SET PROPORTIONAL MIXER 
WITH ADJUSTABLE Jet. Bulletin L- 
700. Pp. 4. Eclipse Fuel Engrg. Co., 
Rockford, IIl. 

Hauck HIGH-PRESSURE Gas-AIR INSPIRA- 
Tors. Bulletin 806A. Pp. 6. Hauck 
Mfg. Co., 124 Tenth St., Brcoklyn 15. 

Hauck Low-PressuRE AtR-Gas PROPOR- 
TIONAL Mixers. Bulletin 805A. Pp. 12. 
Hauck Mfg. Co., 124-136 Tenth St., 
Brooklyn 15. 








GAS CONDITIONERS 


CONTINUOUS, INTENSITY-CONTROLLED Rap- 
PING FOR COTTRELL ELECTROSTATIC 
PRECIPITATORS. Bulletin MI. Pp. 6. Re- 
search Corp., Bound Brook, N. J. 

FLour FIN-FAN ArR-CooLep Heat Ex- 
CHANGERS. Bulletin FF-FD-0.001. Pp. 
12. Flour Corporation, Ltd., 2500 S. 
Atlantic Blvd., Los Angeles 22. 








INCINERATORS 





COMMERCIAL—INDUSTRIAL INCINERATORS. 
Bulletin C20. Winnen Incinerator Co., 
Bedford, O. 
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BAILEY ARMORTUBE. Bu'letin BA-927. Pp. 
4. Bailey Meter Company, 1050 Ivan- 
hoe Rd., Cleveland 10. 

BAILEY METERS AND ContTROLS. Bulletin 
18. Pp. 16. Bailey Meter Co., 1050 
Ivanhoe Rd., Cleveland 10. 

BrisTOL CONTROL INSTRUMENTS FOR FUR- 
NACES, OVENS, DRYERS AND KILNS. 
Bulletin P1255. Pp. 12. Bristol Co., 
Waterbury 20, Conn. 


BROWN Bru Meter. Bulletin 10.19-1. Pp. 
2. Station 62, Minneapolis-Honeywell 
Regulator Co., Philadelphia 44. 

BURLING TEMPERATURE CONTROLS. Bulle- 
tin G-18. Pp. 4. Burling Instrument 
Co., 5 Vose Ave., South Orange, N. J. 

BURLING TEMPERATURE CONTROLS. Bulle- 
tin 101, Pp. 2. Burling Instrument Co., 
5 Vosz Ave., South Orange, N. J. 

CaRBON MonoxibE Detector. Bulletin 201. 
Taller & Cooper, Inc., 75 Front St., 
Brooklyn 1. 

CIRCULAR CASE CONTROLLERS. Bulletin 
465. Pp. 16. Foxboro Co., Foxboro, 
Mass. 

Cut-OFF Rexay. Bulletin 8504. Pp. 2. Sta- 
tion 64, Minneapolis-Honeywell Reg- 
ulator Co., Philadelphia 44. 

DEWPOINT MEASURING EQuIPMENT. Bu!le- 
tin GEC-588A. Pp. 8. General Elec- 
tric Co., Schenectady 5, N. Y. 

D1aL THERMOMETERS. Bulletin 98214. Pp. 
24. Taylor Instrument Companies, 
Rochester 1, N. Y. 

DIAPHRAGM Motor VALveEs. Specification 
Sheet 419-2. Pp. 4. Station 64, Min- 
neapolis-Honeywell Regulator Co., 
Philadelphia 44. 

DIFFERENTIAL PRESSURE TRANSMITTER. 
Bulletin 98226. Pp. 8. Taylor Instru- 
ment Companies, Rechester 1. 

ELECTROMAX TEMPERATURE AND CONDUC- 
TIVITY CONTROLLERS. Bulletin ND47. 
Pp. 20. Leeds & Northrup Co., Phil- 
adelphia 44. 

ELECTRONIK CIRCULAR CHART RECORDERS 
AND Strip CHART RECORDERS. Bulle- 
tins 160, 164 aND 165. Pp. 4. Minne- 
apolis-Honeywell Regulator Co., Phil- 
adelphia 44. 

ELECTRONIK CONTROLLERS. Bulletin 1530. 
Pp. 56. Minneapolis-Honeywell Reg- 
ulator Co., Philadelphia 44. 

ELECTRON:K RECORDERS, INDICATORS. Bul- 
letin 1520. Pp. 48. Station 64, Minne- 
apolis-Honeywell Regulator Co., Phil- 
adelphia 44. 

FLow Meters. Bulletin 460-1. Pp. 36. Fox- 
boro Co., Foxboro, Mass. . 
INDUSTRIAL CONTROLS. Bulletin 8305. Pp. 
80. Minneapolis-Honeywell Regulator 

Co., Philadelphia 44. 

INDUSTRIAL TEMPERATURE CONTROL MAN- 
uAL. Bulletin 101. Pp. 24. Partlow 
Corp., New Hartford, N. Y. 

INSTRUCTIONS FOR CARE AND ADJUSTING OF 
ROBERTSHAW Monet 2ED THERMO- 
stat. Bulletin RT-678 and Bulletin 
R.G.1. Thermostat div., Robertshaw- 
Fulton Controls Co., Youngwcod, Pa. 

MANUAL CN MANOMETERS. Bulletin 313. 
Pp. 12. King Engrg. Corp., 400 De- 
troit St., Ann Arbor, Mich. 

METAMETER TELEMETERING INSTRUMENTS. 
Bulletin M1710. Bristol Co., Water- 
bury 20, Conn. 

MICROMAX MODEL S INDICATING RECORD- 
ERS AND CONTROLLERS. Bulletin 
ND44(1). Pp. 41. Leeds & Northrup 
Co., Philadelphia 44. 
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MILLIVOLTMETER TYPE INSTRUMENTS. Bul- 
letin 1053. Pp. 20. Minneapolis-Hon- 
eywell Regulator Co., Philadelphia 44. 

MODEL 40 CONTROLLER. Bulletin 451-1. Pp. 
32. Foxboro Co., Foxboro, Mass. 

MULTIPLE BURNER PROTECTOGLO SYSTEMS. 
Bulletin 9603. Pp. 4. Station 213, Min- 
neapolis-Honeywell Regulator Co., 
Philadelphia 44. 

PHOTOELECTRIC RECORDER APPLICATIONS. 
Bulletin GEA-5536. Pp. 12. General 
Electric Co., Schenectady 5, N. Y. 

Pyro OpTICcAL PYROMETER. Bulletin 80. Pp. 
6. Pyrometer Instrument Co., Bergen- 
field 35, N. J. 

Pyro RADIATION PYROMETER. Bulletin 100. 
Pp. 6. Pyrometer Instrument Co., Ber- 
genfield 35, N. J. 

RECORDING THERMOMETER CONTROLLER. 
Bulletin 501-S. Pp. 2. Minneapolis- 
Honeywell Regulator Co., Philadel- 
phia 44. 

SPEEDOMAX INSTRUMENTS. Catalog 
ND46(1). Pp. 52. Leeds & Northrup 
Co., Philadelphia 44. 

THERMIstTorS. Veco Data Book. Pp. 36. 
Victory Engrg. Corp., Springfield 
Road, Union, N. J. 

WHEELCO CapiciTROL Direct READING 
TEMERATURE CONTROLLER. Bulletin F- 
5783. Pp. 4. Wheelco Instruments div., 
Barber-Coleman Co., Rockford, Ill. 





LEAK DETECTION 


Custom Leak DETECTION SERVICE. Bulle- 
tin 1813, Supp. Pp. 5. Consolidated 
Engineering Corp., 300 N. Sierra Ma- 
dre Villa, Pasadena 8, Calif. 








METERS, REGULATORS, VALVES 


ROCKWELL 201 OriFiceE METERS. Bulletin 
1050, Rev. 1. Pp. 28: Rockwell Mfg. 
Co., 400 N. Lexington Ave., Pittsburgh 
8. 

SMALL-VOLUME HIGH-PRESSURE REGULA- 
TorS. Bulletin 125-C. Pp. 16. Grove 
Regulator Co., Emeryville, Calif. 

VALVES FOR THE Gas INDusTRY. Bulletin 
A-205. Pp. 48. Gas Machinery Co., 
16100 Waterloo Road, Cleveland 10. 





MOBILE EQUIPMENT 





CLEVELAND BaBy DiGGER. Bu'letin 95. Pp. 
8. Cleveland Trencher Co., 20100 St. 
Clair Ave., Cleveland 17. 

CLEVELAND Basy DiGGeErR. Bulletin S53. Pp. 
8. Cleveland Trencher Co., 20100 St. 
Clair Ave., Cleveland 17. 

CLEVELAND TRENCHER. Bulletin No. S-116. 
Pp. 8. Cleveland Trencher Co., 20100 
St. Clair Ave., Cleveland 17. 

MAGNESIUM TRUCK LOADING RAMpPs. Penco 
Ramps. Penco Engrg. Co., 25 Cali- 
fornia St., San Francisco 11. 

SCHIELD BANTAM TRUCK CRANE. Bu!letin 
TCR-201. Pp. 6. Schield Bantam Co., 
Waverly, Ia. 

TRENCHER. Model 320. Pp. 4. Cleveland 
Trencher Co., 20100 St. Clair Ave., 
Cleveland 17. 

TRUCK-MOUNTED Back Hoe. Bulletin TT- 
101. Pp. 4. Schield Bantam Co., Wav- 
erly, Ia. 


Prastic Pire. Pp. 16. Plastic Products diy 
Triangle Conduit & Cable Co., Inc 
New Brunswick, N. J. 

PLastic Pipe. Carlon 
Cleveland 5. 


Products Corp. 





PROCESSES, SYSTEMS 


DIssociATOR EQUIPMENT. Bulletin 4.4-5 
Pp. 4. Minneapolis-Honeywell Reg- 
ulator Co., Philadelphia 44. 

Gas TRANSMISSION AND DISTRIBUTION Pip- 
ING SYSTEMS. Pp. 36. American Soci- 
ety of Mechanical Engineers, 29 W. 
39th St., New York 18. $1.25. 

LINDE-FRAENKL PROCESS OF OXYGEN PRo- 
DUCTION. Bulletin 2402. Pp. 24. Chem- 
ical Plants division, Blaw-Knox Con- 
struction Co., P.O. Box 778, Pittsburgh 
30. 

SuRE-Gas LPG STEAM VAPORIZERS. Bulle- 
tin 8-52. Pp. 4. Roth Mfg. Co., P.O. 
Box 2358, Tulsa, Okla. 








PUMPS 


(See ENGINEs, PuMPs) 








REGULATORS 


(See METERS, VALVES, REGULATORS) 








SAFETY EQUIPMENT 





OFFICE EQUIPMENT 


IBM AccounTInc. Bulletin 52-3796-2. Pp. 
40. International Business Machines 
Corp., 590 Madison Ave., New York 
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AUTOMATIC SHUT-OFF VALVE. Bulletin 132- 
D4. Pp. 4. Security Valve Corp., P.O. 
Box 1551, Los Angeles 53. 

BRONZE SAFETY GAS CONTROL Cock. Bul- 
letin 1002. Pp. 2. D. T. Williams Valve 
Co., 1086 Summer St., Cincinnati 4. 

DISPLACEMENT METERS. Bulletin M-152. 
Pp. 16. Roots-Connersville Blower, 
Dresser Industries, Inc., Connersville, 
Ind. 

INSTRUMENTAL AIR PRESSURE REGULATORS 
AND CONSTANT PRESSURE DIFFEREN- 
TIAL REGULATORS. Bulletin 29. Pp. 8. 
Fischer & Porter Co., Hatboro, Pa. 

MEASUREMENT AND CONTROL OF LP Gas. 
Bulletin C-5100. Pp. 12. Rockwell 
Manufacturing Co., Pittsburgh 8. 

PNEUMATIC BUTTERFLY CONTROL VALVES. 
Bulletin 8503. Pp. 4. Minneapolis- 
Honeywell Regulator Co., Philadel- 
phia 44. 

PRECISION-BORED METER RuNs. Bulletin 
1701. Pp. 4. Machinery div., Dravo 
Corp., Pittsburgh 22. 

R-C Rotary PositivE DIisPLACEMENT ME- 
TERS. Bulletin M-152. Pp. 18. Roots- 
Connersville Blower, Dresser Indus- 
tries, Inc., Connersville, Ind. 

Rigid METER Bars. Bulletin P-1. Pp. 8. 
Eclipse Fuel Engrg. Co., Rockford, Ill. 

ROCKWELL LUBRICANTS FOR NORDSTROM 
VaLves. Bulletin V-220. Pp. 12. Rock- 
well Mfg. Co., 400 N: Lexington Ave., 
Pittsburgh 8. 
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PIPE, FITTINGS 


J-W ComsBusTIBLE GaAs ALARMS FOR 
MULTI-POINT INDUSTRIAL PROTECTION. 
Bulletin RV 453. Pp. 2. Johnson-Wil- 
liams, Ltd., Palo Alto, Calif. 

PROTECT AGAINST COMBUSTIBLE Gas. Bul- 
letin FSE 1251. Pp. 4. Johnson-Wil- 
liams, Ltd., Palo Alto, Calif. 





(See also PLAsTic Pipe, FItt1INGs) 

FABRICATED FitTINGs. Bulletin 525. Pp. 4. 
Naylor Pipe Co., 1230 E 92nd St., Chi- 
cago 19. 

FITTINGS FOR GAS SERVICE CONNECTIONS. 
Bulletin 5210. Pp. 38. Dresser Mfg. di- 
vision, Dresser Industries, Bradford, 
Pa. 

Morris Duat-PurPOsE CoupLincs. Bulle- 
tin 101. Pp. 6. Morris Coupling and 
Clamp Co., Ellwood City, Pa. 





PIPE PROTECTION, COATINGS 





TAR BASE PROTECTIVE COATING. Protective 
Coatings div., Pittsburgh Coke & 
Chemical Co., Grant Building, Pitts- 
burgh 19. 

TEMPERATURE AND CORROSION RESISTANT 
CoaTinc. Lankote 620. J. Landau Co., 
221 Wooster St., New York 12. 

TRANTEX TAPE. Pp. 6. Johns-Mansville, 22 
E. 40th St., New York 16. 

WHERE TO UsE CoaL TAR PROTECTION. Pp. 
8. Tapecoat Co., Evanston, III. 





PLASTIC PIPE. FITTINGS 





(See also Pipe, Fittincs) 

INSULATING METER NUTS AND PPE UNIONS. 
Bulletin 522. Pp. 4. Universal Controls 
Corp., 731 West Davis St., Dallas 8. 


STREET EQUIPMENT 


BAKER SHUR SEAL SapDLEs. Bulletin 23-26. 
Pp. 2. R. H. Baker & Co., Inc., 2070 
E. Slauson Ave., Huntington Park, 
Calif. 

TapaAx MANHOLE CUSHION. Joseph G. Pol- 
lard Co., Inc., New Hyde Park, N. Y. 








SYSTEMS 


(See PRocEssEs, SYSTEMS) 








TOOLS 


Barco GASOLINE HAMMER. Bulletin 613. 
Pp. 8. Barco Mfg. Co., 1801 Winne- 
mac Ave., Chicago 40. 

RoL-AIrR FLARING TOOL. Bulletin 3003. Pp. 
2. Imperial Brass Mfg. Co., 1200 W. 
Harrison St., Chicago 7. 








VALVES 


(See METERS, REGULATORS, VALVES) 








VENTING 


WALL-VENT INSTALLATION INSTRUCTION 
Bulletin 34. Pp. 6. Metalbestos ‘div. 
William Wallace Co., Belmont, Cali 
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NEW EQUIPMENT 








COMBUSTION EQUIPMENT 





Gas conversion burner 

This gas conversion burner is said to be 
lesigned to achieve the optimum blending 
of air and gas for complete, efficient com- 
bustion, and is available in two sizes. In- 
stallation can usually be completed in a 
few hours the manufacturer reports. All 
working parts are accessible from the front 
for adjustment or servicing. With input rat- 
ings from 75,000 to 300,000 Btu/hr, the 
burner is completely factory assembled, 
with thermostat and transformer, and suf- 
ficient tubing for venting regulator and con- 
necting to the pilot cock five feet above 
floor included. Pilot burner is assembled on 
rigid supply piping with regulator vent tub- 
ing assembled in place. If specified, the 
units may be assembled with: electric pilot 
ignition, pilot filter, pilot gas pressure regu- 
lator and chronotherm. 

Sonner Blue Ribbon Flame Gas Con- 
version Burner L-52 Series. Sonner Burner 
Co., Winfield, Kans. 


Reverberatory metal melting furnace 
This new furnace for continuous-charge 

and continuous-pour operation in metal 

casting is applicable to ferrous and non- 


ferrous metals. It is described as a non- 
crucible, direct-fired reverberatory furnace. 
The manufacturer states that no time is lost 
between pouring and recharging; hot metal 
is always available for casting. The hopper 
in which the metal is charged has a re- 
stricted opening at the bottom to prevent 
contact between molten metal and cold 
metal. This furnace is said to be equally 
efficient for large or small heats and can be 
built to meet specified requirements. Stand- 
ird-models for bath capacities range from 
300 to 4,400 pounds. 

Eclipse Sklenar Reverberatory Furnace. 
clipse Fuel Engineering Co., Rockford, 
lllinois. 
Dual fuel burner 

This new closed-flame, dual fuel, gas-oil 

immer is a blast burner that may be used 


ith any gas or fuel oil for firing industrial 
maces, ovens or other processing equip- 
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ment operating in the range between 200° 
and 2,400°F. The manufacturer states that 
the burner has proved to have excellent 
flame retention, mixing qualities for gas and 
a high atomizing efficiency for oil. The 
nozzle mixing principle employed incorpo- 
rates a dual-atomizing tip. Secondary air 
meets the gas or oil mixture in both a con- 
verging and rotating pattern to promote 
atomizing efficiency at the nozzle exit. A 
rotating main combustion air casting per- 
mits adjustments for any desired alignment 
of piping. A high discharge capacity and 
low turn-down range are claimed. 

Dual Fuel Burner. Eclipse «Fuel Engi- 
neering Co., Rockford, Ill. 


Air-gas mixer 

Varying combustion equipment heat 
loads are provided for by a new mixer 
which features a built-in adjustable orifice 
that eliminates replaceable jets and changes 
volume of automatically proportioned gas- 
and-air for any Btu output within the capa- 
city of the manufacturer’s various sized 
mixers used in furnaces, ovens, kilns and 
other combustion equipment. Gas _ en- 
trained by the air stream is automatically 
proportioned to form a mixture that is 
said to give perfect combustion at all heat- 
ing loads. A metering valve regulates the 
pressure for operating control equipment 
and for burning any type of fuel gas. 

Vari-Set Mixer. Eclipse Fuel Engineer- 
ing Co., Rockford, IIl. 


Radiator for stock tank heater 


A new radiator, with a continuous, grad- 
ual, elevated rise throughout the heat travel 
that reportedly assures constant burner op- 
eration, has been designed for the manu- 
facturer’s gas burning model stock tank 
heater. The new design is said to eliminate 
all dead air pockets, the continuous air flow 
also providing draft stoppage that some- 
times interrupts burning. The new radiator 
is standard equipment on all of the com- 
pany’s gas burning units; fully automatic, 
semi-automatic and manually controlled 
models. 

Siebring Gas Burning Units. Siebring 
Mfg. Co., George, Ia. 


Gas burner 


Offered in five sizes, this nozzle mixing 
type of gas burner is shipped with mount- 
ing and tile already assembled in an in- 
tegral unit. The tile is cemented into a cast 
iron jacket 134” deep, and held securely in 
place with hooks to prevent any leaking be- 
tween tile and casting. The burner has pro- 
vision for the manufacturer’s standard pilot 
system, and a conduction type flame safety 
device may be added at the factory if speci- 
fied. The manufacturer reports that the 
burners have a high effective turndown, 
making them suitable for installation on 
multiple purpose furnaces. A furnace 
equipped with these burners can be operated 
at temperatures from 400°F through 
1,800°F. The burners may be operated with 
air pressures ranging from 0.1 to 16 oz at 


the burner, giving a choice of capacities 
from 28,000 Btu/hr with 0.1 oz air pres- 
sure, to 2,620,000 Btu/hr with 16 oz air 
pressure. 

Series 123 XSA Gas Burner. North 
American Mfg. Co., 4455 E. 71 St., Cleve- 
land 5. 


Power gas burner 


A new power gas burner, designed to fit 
in vestibules of most gas and oil burning 
furnaces, is entirely independent of chimney 


draft. The swirling, forced mixing of air and 
gas results in rapid combustion with a short 
flame contained within the combustion 
chamber. The burner rapidly attains incan- 
descence and transfers radiant heat to the 
heating surface of the appliance. Multiple 
air posts assure proper adjustment, mixing 
of air and fuel and good flame retention to 
nozzle. A mercury switch, actuated by fan 
air pressure, assures sufficient air for com- 
bustion before main gas valve can open. The 
pilot is ignited electrically by push button 
control; both pilot and main valve have an 
automatic safety shut-off in case of flame 
failure. Design of a special shutter prevents 
complete air shut-off. A quick action sole- 
noid controls on-and-off operation. Three 
models from 75,000 to 500,000 Btu, are 
available with either leg or flange mounting. 
All models are said to be quickly and easily 
installed and serviced. The housing is heavy 
cast aluminum with a steel draft tube. 
Motor is air cooled for long-life. The fan is 
easily accessible for cleaning and the inner 
assembly removes as a complete unit for 
ease of servicing and cleaning. 

The burner will operate with natural gas, 
manufactured gas or LP gases. All models 
have satisfactorily completed AGA operat- 
ing tests. 

Syncro-Flame Power Gas Burners. Syn- 
chronous Flame, Inc., 327 South LaSalle 
St., Chicago 4. 





COMPRESSORS 





Gas jet compressors 

These gas jet compressors are said to be 
the same as steam jet ejectors in principle, 
the application being different. The moti- 
vating force is natural gas, brought into 
the distribution point. The natural gas is 
mixed with manufactured gas and sent out 
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under pressure. Some steam is needed to 
heat the nozzles because of the refrigrat- 
ing effect from the expansion of the natural 
gas. The manufacturer reports that each 
gas jet compressor unit has to be engi- 
neered and made to fit the conditions of in- 
coming gas pressure, pressure of manufac- 
tured gas and the desired pressure of gas in 
the line. 

Gas Jet Compressors. Ejector 
Worthington Corp., Harrison, N. J. 


div., 


New type of compressor 

A gas or air compressor that is said to be 
entirely new in principle and design within 
its range was introduced at the Gas Ap- 





eon ee © © & ses 


pliance Manufacturers Association exhibi- 
tion. Instead of using conventional rotors, 
this compressor employs two intermeshing 
screw-rotors which rotate in opposite direc- 
tions. They are operated by gears synchro- 
nized to prevent contact of the rotors with 
each other and allow close but definite 
clearances between them. The flow cf air 
or gas is described as being axial and allows 
extremely large inlet openings to permit 
greater volumetric efficiency. The manufac- 
turer points out that peak efficiencies are 
achieved at discharge pressure determined 
by requirements. No internal lubrication is 
needed. Wearing parts are accessible, noise 
level is low, the equipment is light weight. 

Spiraxial Compressor. Roots-Conners- 
ville Blower division of Dresser Industries, 
Inc., Connersville, Ind. 





FITTINGS 





Split tee 

Designed to meet the demand for making 
a safe kot tap branch connection this split 
tee consists of two half tee sections with its 


area of reinforcement extending around 
both line and branch pipes and for a dis- 
tance along the line pipe on each side of the 
branch connection. The two halves are 
welded together along the line of bisection 
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with heat kept safely away from direct con- 
tact with the main line. Additional support 
is said to be gained by welding the branch 
outlet of the split tee to the branch line. 
The joint opposite the branch is made with 
an exterior overlapping reinforcement strip 
which provides adjustment within the per- 
missib'e range of dimensional tolerances to 
fit around the main line. The cennection is 
completed by welding the overlapping strip 
to the mating half of the tee. The tees are 
available in sizes from 14” through 36” in 
a wide range cf reducing outlet sizes. 

Ladish Split Tees. Ladish Co., Cudahy, 
Wis. 


Pipeline elbow 

For facilitating pipeline cleaning and im- 
proving flow e‘ficiency, this elbow is said by 
the manufacturer to assure effective op2ra- 
ticn when cleaning devices or pigs are used, 
since they will travel through the line at a 
more uniform prescrib2d speed. With an ex- 
tra sweeping radius equal to twice that of 
the conventicnal long radius e!bow, this el- 
bow permits the pig to travel at a uniform 
ve‘ocity throughout the entire line without 
slowing or jamming at the turns. Where 
trench contours necessitate odd angle turns, 
the uniform walls and true circularity per- 
mits cutting this e!bow into segments. These 
elbows are manufactured in sizes from 8” 
through 30”. 

3-R Elbow. Ladish Co., Cudahy, Wis. 





INSTRUMENTS, CONTROLS 





Unitrol space heater thermostat 

This unit is a completely automatic snap- 
action control for temperature and pilot on 
space heater thermostat. Normally, the up- 


per dial is used only when lighting the 
heater, the lower dial being set to obtain 
desired temperature. In the event of pi‘ot 
failure, the unit automatically shuts off all 
gas. The unitrol is designed for use with 
gas fired floor furnaces, single and double 
wall heaters, console heaters ani combina- 
ticn ranges. It provides automatic control 
of rcom temperature without outside elec- 
trical connections. 

Robertshaw-Grayson Unitrol Model A- 
17. Robertshaw-Fulton Controls Co., Ther- 
mostat div., Youngwood, Pa. 


Control system 


This new all-gas control system has been 
introduced as a high!igtt in the manufac- 
turer’s 1953 gas centrol line, and is avail- 
able with pilct generating 700 millivolts 
plus. The system is revortedly an advance- 
ment over the manufacturer’s earlier de- 
ve'oped control system and, because of the 
increase in operating voltage, is said to in- 


sure dependable operation when limit cor 
trols or time switches are inserted in th 
wiring circuit. It is stated that the increased 
generating power of the all-gas system wi 
enable it to meet all installation require 
ments. 

BX69 All-Gas Control System. Genera 
Controls Co., Glendale, Calif. 


Miniature pneumatic transmitter 


A miniature pneumatic transmitter for 
measuring and transmitting readings of 


temperature, pressure, vacuum, differential 


pressure and liquid level to recording, indi- 
cating and controlling receivers, including 
miniature type receivers. Transmission is by 
means of air pressures of between 3 and 5 
psi that have direct relations to the meas- 
ured quantity. The transmitter is sensitive 
to extremely small changes in the measured 
value, as little as 0.03 per cent of range, in- 
cluding reversal. Weighing 7% Ibs., it is 
said the transmitter is weatherproof and can 
be installed and operated in any location 
and position. 

Bristol Series 650 Pneumatic Transmit- 
ter. The Bristol Co., Waterbury 20, Conn. 


Controlling calorimeter 


Consisting of a recording calorimeter 
and a pneumatic controller, this new unit 
can be used, reportedly, for accurately con- 
trolling the calorific values of gases. The 
controlling calorimeter is made up of a gas- 
flow regulator, measuring device, and re- 
cording mechanism. Functions of the reg- 
ulator are to supply gas to the measuring 
device at a rate which would be constant 
if reduced to standard temperature and 
pressure (60°F and 30 in. of mercury) and 
also to provide automatic compensation for 
changes in gas specific gravity and ambient 
temperature. It is said that the air-operated 
controller, once set, will continue to give 
firm and accurate control for long periods 
without adjustment or maintenance. 
Mounted within the instrument case, the 
controller is arranged to detect deviations 
of the recording pen from the setting 
pointer, by means of a differential linkage 
system. Air pressure is used to reposition 
the control valve to restore the calorific 
value to its desired level. 

Sigma-Kent Controlling Calorimeter. 
Cosa Corp., 405 Lexington Ave., New 
York. 


Flexible slack-tube manometer 

A new and improved slack-tube manom 
eter is equipped with a convexel spring 
steel scale for beth rigidity in use and flexi 
bility in carrying. This device rolls into 
small unit that will fit a pocket or service 
kit. The body is made of: durab‘'e viny 
plastic. It can be rolled, twisted or bent int« 
any necessary shape and will return to it 
original shape. The spring steel scale is hek 
firmly and yet may be moved forth an 
back for zero-adjustment. This device i 
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iilab'e in standard ranges from 8” to 10’, 
either water or mercury. 

Series 1211 Manometer. F. W. Dwyer 
inufacturing Co., 317 S. Western Ave., 
icago 12. 


Flow meters 
Many new design features have been 
ded to the companies line of flow me- 
rs, including: pressure-seal bearing; in- 


terchangeab!e submerged-in-mercury check 
floats; U-bend with metal-to-metal com- 
pression seals; calibrated damping plug; 
and a new type of stainless steel ball-chain 
which is said to eliminate errors cf anular- 
ity. The pressure-seal bearing reportedly 
eliminates periodic lubricaticn. Leak-proof 
at working pressures, uses no springs and 
needs no mechanical adjustments. The U- 
bend seals, tested at 10,000 psi, offer pro- 
tection against mercury loss. The illustra- 
tion shows type 27, mercury manometer, 
cut-away view. 

Flow meters. The Foxboro Co., Fox- 
boro, Mass. 


Remote base volume indicator 

A new remote telecounter makes pos- 
sible the reading of base volume index in- 
dications at control points far removed 
ead sant 


Ca aek He 


trom meter installations. Measurements 
registered on the index are transmitted 
electrically from the meter site to a re- 
note counter at the reading point. The 
ase Volume index is said to automatically 
correct the gas measured by the meter to 
ase temperature and base pressure con- 
uons. The transmitting device, mounted 
the side of the base volume index in 
explosion-proof housing, is actuated by 

> Same motion that drives the mechani- 

| counter. The remote counter is 15%” 
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x 4” and registers up to 999,999 in either 
hundreds or tlousands of cubic feet as 
determined by the capacity cf the meter 
required. A reset knob on the side permits 
resetting of the register numerals to zero 
whenever desired. DC for the telecounter 
circuits, from commercial power lines, is 
provided by a “power-pack” having pro- 
vision for setting operating current and 
voltage to proper values for the type and 
length of transmission line. Te!ecounter 
equipped base volume indexes may be in- 
stalled on large capacity ironcase meters. 
Units are equipped with a regular index 
for reading base temperature and pressure 
corrected gas quantities at the meter, and 
a supp!ementary index for obtaining read- 
ings of actual gas quantities at line pres- 
sure and temperature. 

Base Volume Index Telecounters. Ameri- 
can Meter Co., Erie, Pa. 


Midget thermostat and switch 

Precise detection of overheating, in lim- 
ited space, is said to be entirely practical 
wih this newly redesigned thermoswi‘ch 


which has a heat-sensitive shell with an out- 
side diameter of “4”. Intended specifically 
for applications in which temperature con- 
trol or overheat detection is critical, the in- 
strument may be applied to the heating of 
solids, liquids or gases. The midget thermo- 
stat is adjusted and sealed at the factory to 
any temperature point in the range from 
minus 50° to 450°F and has an inherent 
sensitivity of 0.1°F. In the accompanying 
illustration the midget device is compared 
with a standard device which has a shell di- 
ameter of %”. The midget unit has such 
operating characteristics as built-in temper- 
ature anticipation, fast reaction time, resist- 
ance to vibration and shock, and short heat 
transfer path. 

Fenwal Midget Thermoswitch. Fenwal, 
Inc., Ashland, Mass. 


Combustion analyzer 

This commercial, portable, all-electric 
complete combustion analyzer is said to 
measure % CO, (0.20%), temperature 


(100-1,000° F), and draft (0-0.3” water). 
Powered by a dry cell battery, features of 


the analyzer include: glass coated elec- 
tronic thermistor; gas analysis cell with 
built-in temperature compensator, fi:ter- 
drier, compensated thermccouple lead, and 
two 30” probes. Flue gas temperatures are 
taken at tl.e same point as the CO: measure- 
ment, and a series of readings may be taken 
without moving probes. 

Model 140-C. Victory Engineering Corp., 
Springfield Rd., Union, N. J. 


Differential pressure transmitter 

For flow, liquid level and specific gravity 
applications, this differential pressure trans- 
mitter is a force-balance instrument de- 


signed to convert differential pressure into 
an equivalent 3 to 15 psi output. It can 
be used to measure flow of liquid, steam or 
gas; liquid level or specific gravity. It is 
availab‘e in two ranges; 20”-to-200” water, 
and 80”-to-800” water. The transmitter has 
two basic units; the primary, which senses 
differential pressure, and the secondary, 
which transmits the proportional output air 
pressure. A bui:t-in damping device, the 
manufacturer reports, provides true aver- 
age damping with pneumatic stability. 
Transaire Transmitter. Taylor Instru- 
ment Companies, Rochester 1, N. Y. 


Gas burner control system 


A self-powered control system for gas 
burners, featuring a new powerpile with a 
blue flame pilot that uses no primary air 


, 





and eliminates the problem of clogging, has 
been announced by the manufacturer. No 
larger than a matchbcok, the pilot is de- 
scribed as the first completely lint-free pilot 
in the gas heating industry, and a new con- 
cept in pilot burner design that achieves 
complete combustion at the point of flame. 
The company reports that no air from the 
atmosphere is brought into the gas stream 
before it is burned, and combustion is quiet 
under a wide range of gas pressures. The 


153 








pilot, it is said, burns less gas than the con- 
ventional single couple type, and generates 
about 40% more electrical power than 
contemporary multiple couple pilots. The 
amount ranges from 500 to 800 millivolts. 
The inlet connection may be swiveled 
through 360 degrees or formed as required 
to route the pilot gas line in desired direc- 


tion. There is one orifice for natural, mixed 
and manufactured gases, and an available 
interchangeable orifice for LP gas. With 
the pilot, the company has developed a new 
powerpile diaphragm valve reportedly re- 
quiring less space for mounting than the 
conventional solenoid. The valve has a 
pressure rating of eight ounces and is suit- 
able for use with all gases. The valve 
actuator features a polarized relay. 

Blue Flame Pilot. Minneapolis-Honey- 
well Regulator Co., Philadelphia 44. 





METERS 





Flow meter 


A variable area type flow meter, now 
furnished with pneumatic transmission, the 
instrument is fundamentally linear and the 


air Output signal varies directly with rate of 
flow. It is an all metal instrument operating 
on the rotameter principle. It is mounted 
directly in the pipe and is suitable for meas- 
uring rates of flow of liquids, vapors or 
gases from 0.3 to 3 gpm minimum flow 
range to 120 to 1200 gpm maximum. Avail- 
able in sizes from 2” to 8” with a choice of 
materials for meter bodies and internal 
metering components, the instrument has a 
metering float which rides vertically up and 
down in a tapered metal metering throat in- 
side the meter body. 

Penn Linameter. Penn Industrial Instru- 
ment Corp., Penn Bldg., 4110 Haverford 
Ave., Philadelphia 4, Pa. 


Aluminum gas meter 


Designed for use on small shops, apart- 
ment houses and commercial establish- 
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ments, this aluminum gas meter operates 
at capacities of 800 cubic feet at 42” differ- 
ential and 1,600 cubic feet at 2” differen- 
tial with a maximum working pressure of 
100 Ibs. psi. The aluminum alloy body of 
the meter provides for an approximate 
weight of 63 Ibs. It is a positive displace- 
ment type, utilizing side-guided and gear 
driven valves. The measuring mechanism 
and valve plate casting can be removed as 
a complete unit for repair or replacement, 
the manufacturer reports. Vertical dial in- 
dexes are standard, and either 45 It. steel 
spud connections or 1%” female tap con- 
nections can be supplied. 

Model “800” Aluminum Gas Meter. 
Rockwell Manufacturing Co., Pittsburgh 8. 





MISCELLANEOUS 





Lubricant tubes 
Two newly-designed lubricant tubes, a 


flat-top gun lubricant and a long-spouted 
bulk lubricant tube, have been introduced. 


With the flat-top tube, it is said a lube-gun 
can be loaded in seconds by cutting off the 
tube top and turning a key which squeezes 
the contents directly into the barrel. With 
the long-spouted tube it is reported the 
spout gets the lube further down into the 
valve shank than is possible with previous 
methods. The gun lubricant tubes are avail- 
able in packages of six; the bulk tubes singly 
and in packages of four. Eight types of 
lubricants are available in the new tubes. 

Flat-top & Long-spouted Tubes. Rock- 
well Mfg. Co., 400 No. Lexington Ave., 
Pittsburgh 8, Pa. 


Repair clamps, stainless steel-coated 
The malleable iron casings in this manu- 
facturer’s line of pipe repair clamps are now 
furnished with two coats of powdered 
stainless steel in plastic suspension to pro- 
vide greater protection against corrosion. 
The bands are of stainless steel. These re- 
pair clamps are said to provide a positive 
and permanent repair for leaks, blowouts 
or skort splits in all types of pipe. This 
clamp line uses a slotted lug which enables 
the user to drop the bolt through the slot 
and tighten without a separate nut. The 
clamps are available for pipe sizes from 
%" to 24” and in standard widths of 3”, 
6”, 9” and 12”. Larger widths are available. 
Stauffer Pipe Repair Clamps. Adams 
Pipe Repair Products, El Monte, Cal. 





MOBILE EQUIPMENT 





Compressor 


A new 210 cfm compressor of two-whe 
trailer design, the unit is said to be ver, 
light and compact. It is 145” long, 62” high 


and 75” wide, and weighs 3,400 Ibs. It is 
equipped with newly-developed multi-port 
valves which reportedly increase by 15 to 
25% the amount of air delivered per pound 
of fuel. The engine is of six cylinder de- 
sign with a power surlpus of over 25%. The 
manufacturer states the valves will never 
carbon or foul and will operate at peak 
efficiency during the life of the compressor. 

Super Chief Model 210-WDS. Davey 
Compressor Co., Kent, O. 


Trencher 

A new 4-speed motor transmission has 
been developed for the company’s baby 
digger model trencher. The new unit, dou- 
bling the number of digging wheel and trac- 
tion speeds previously available in the 
model, is said to be easy shifting and to pro- 
vide for a more evenly graduated progres- 
sion of usable speed combinations. For each 
of the new wheel speeds (4 forward, | re- 
verse) there are 12 crawler speeds. The 48 
speed combinations are said to provide dig- 
ging speeds ranging from .45 to 34.6 fpm. 
The transmission is completely contained 
in a welded steel oil tight housing. Equipped 
with anti-friction bearings, its alloy steel 
gears are machine cut, case-hardened and 
heat treated. 

Model 92 Baby Digger. Cleveland 
Trencher Co., 20100 St. Clair Ave., Cleve- 
land 17. 


Runabout ditcher 

This wheel mounted ditcher features 
fluid coupling and curved-tooth bucket line. 
With the fluid coupling, the manufacturer 


states, underground obstructions pose less 
of a problem since, if the obstruction pre- 
sents tco much resistance to the bucket 
line, the coupling slips and the bucket line 
stops. This is said to provide overload pr>- 
tection with no possibility of damage to t':¢ 
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chine. The machines hydra-crowd trans- 
ssion provides a range of forward speeds 
m zero to 16 fpm. A new design in the 
jraulic drive mechanism is a counter- 
ance valve said to provide elimination 
run-away tendency when the machine 
digging on a down-grade. The curved 
digging teeth reportedly have increased the 
igging efficiency through longer tcoth life. 
Both ends of the tooth are identical in 
shape and when one end is worn, a retain- 
ng pin is knocked out, the tooth reversed 
ind the pin replaced. 
Model 705-B. Barber-Greene Co., 400 
North Highland Ave., Aurora, IIl. 


Service-utility body truck 

This 127-inch wheelbase truck with 89- 
inch service-utility body was designed for 
on-the-job service or utility work. A light- 


duty truck, it is powered by a 100-horse- 
power Silver Diamond 220 engine, and in- 
cludes such features as a_ transmission 
which incorporates a blocker-type synchro- 
nizer for more positive shifting, hydraulic 
brakes with “labyrinth-type” seals, and du- 
plex-type valve shock absorbers. This is but 
one of the company’s new line of light, me- 
dium, and heavy-duty motor trucks with 
168 basic chassis models in 296 wheelbases. 
Gross vehicle weight ‘ratings for the new 
line of trucks range from 4,200 to 90,000 
pounds. 

International R-120. International Har- 
vester Co., 180 No. Michigan Ave., Chi- 
cago 1, Ill. 


Truck-mounted shovel-crane 

Rated at 6 tons capacity this new truck- 
mounted shovel-crane is available with an 
assortment of matching attachments, in- 


cluding shovel, clamshell, dragline, back 
hoe, magnet, wood grapple and pile driver. 
€ new machine can be mounted on any 
new or used tandem-axle truck having a 
eelbase of 164” or more, the manufac- 
er reports, while single axle trucks can 
‘50 be used when ground conditions are 
orable. It is said that drum-brake con- 
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trol has been made easier for the operator, 
with a 21-to-1 ratio from pedal to brake 
band. The full-revolving machine also fea- 
tures anti-friction bearings, machine-cut 
gears, internal expanding band-type clutches 
with molded linings and positive rollers, ex- 
ternal contracting brakes, band-type swing 
brake for locking basic unit in desired posi- 
tion, and jackshaft-mounted tagline which 
can be used for ordinary tagline operation 
or for a power-operated shovel dipper trip. 

Bantam Model T-35. Schield Bantam 
Co., Waverly, la. 


Portable air compressor 

This new 75 cfm portable air compressor, 
for standby service and emergency pipeline 
repairs or direct production jobs, is a me- 
dium size compressor that can be handled 
by one man. The unit weighs 1,280 Ibs., 
can be towed at high speed behind a pas- 
senger car, and uses a 6-cylinder Chrysler 
engine which has been rebuilt for compres- 
sor service. Power from three cylinders of 
the engine are used for air compression and 
the other three for power. Mounted on a 
three-wheel trailer, with retractable pivot 
wheel, large tool boxes are on each side of 
the trailer. 

Model Hornet 75. O.K. Clutch & Ma- 
chinery Co., Florence St., Columbia, Pa. 





ODORANTS 





Gas odorants 


Two new gas odorants, one a liquid-in- 
jection type, the other for use for evapora- 
tion by-pass or liquid-injection, are now 
available. The high odor intensity of the 
liquid-injection type odorant is said by the 
manufacturer to make possible the use of 
smaller quantities of odorant. The odorant 
used for either evaporation by-pass or 
liquid injection odorization is reportedly 
stable, and retains its activity, even after 
long contact time in the gas stream. These 
two odorants are among the first of new 
products resulting from a long-term re- 
search and field testing program conducted 
by the manufacturer. 

Spotieak 1008 and Spotleak 1009. 
Sharples Chemicals Inc., 123 S. Broad St., 
Philadelphia 9, Pa. 





REGULATORS 





Farm tap regulator 


A farm tap regulator for high pressure 
services, designed to reduce pressure on 
high pressure transmission lines to a point 
where pressures reaching isolated customers 
can be handled by a conventional service 
regulator, has been announced. The unit 
operates with inlet pressures ranging up to a 
maximum of 1,000 psi. Interchangeable 
springs provide four outlet pressures; 5-30 
psi, 30-75 psi, 75-300 psi, and 200-400 psi. 
A special groove in the diaphragm sealing 
surface in the body casting is said to retard 
diaphragm pull at high outlet pressures, and 
to afford positive sealing. The new cover 
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has a 4%” tapped vent, with a special vent 
cap available. 

Model 118 Farm Tap Regulator. Rock- 
well Mfg. Co., 400 N. Lexington Ave., 
Pittsburgh 8, Pa. 





SAFETY EQUIPMENT 





Explosive-gas alarm 


This combustible gas alarm is described 
as having a wide range of application in 
maintaining a continuous check for poten- 


tially explosive gases. The instrument con- 
sists of two units: a weather resistant de- 
tector and a control box for remote loca- 
tion mounting. The manufacturer states 
that the instrument operates by diffusion 
and convection. The flashback-proof detec- 
tor senses the presence of combustible gas. 
At 0.2 per cent of the lower explosive level, 
a red indicator light is energized on the con- 
trol box panel. As the hazard is removed, 
the light is shut off. The instrument oper- 
ates from standard 115 volt electricity and 
features an all-electronic alarm circuit with- 
out meters, meter-type relays and other 
delicate mechanisms. Terminals are pro- 
vided in the control box for actuating aux- 
iliary audible alarms, controlling motors or 
valves or connecting repeater signals for 
distant points. The assemblies are designed 
for convenient maintenance. 

J-W Combustible Gas Alarm. Johnson- 
Williams, Ltd., 2669 Third St., Palo Alto, 
Cal. 
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One-man fire engine 

This dry chemical wheeled engine for 
extinguishing large-scale B and C fires has 
a capacity of 150 lbs. and, when fully 
charged, weighs 480 Ibs. The manufacturer 
states that the model can be easily wheeled, 
maneuvered and operated by one man. The 
density of the dispersion of its pressurized 
discharge is said to have the effect of cool- 
ing and insulating the operator from the 
heat of the fire. It features a discharge 
range. of from 20 to 25 feet. The expellent 
is dry nitrogen, with a sustainei operating 
pressure of 200 psi during the entire dis- 
charge period. The nozzle lever has a 
spring loaded mechanism which permits 
opening or closing the nozzle. 

Model 150. American-LaFrance-Foamite 
Corp., Elmira, N. Y. 


Flame failure safeguard 


This protection against flame failure in 
combustion equipment is of the scanner 
type and is said to provide instantaneous 
burner shut-down in event of flame failure. 
This device is a photcconduc‘ive cell that 
is highly responsive to infrared and is cou- 
pled to electronic circuits. It distinguishes 
between infrared from a flame and infrared 
from other sources. The cell is approxi- 
mately the size of a pencil eraser and is 
plugged into the scanner unit which is con- 
nected by cable to electrical connections. 
The single scanner views both pilot and 
main flames. The device has been approved 
by Underwriters’ Laboratories and Factory 
Mutual Laboratories. 

Firetron Flame Failure Safeguard. Com- 
bustion Control Corp., 720 Beacon St., Bos- 
ton 15. 


Safety gas vent elbow 

This new safety gas vent e!bow features 
a non-clogging coil spring screen for use 
on regulator vent lines of high pressure 
mains and is made of die cast zinc alloy, in 
%” size. The stainless steel coil spring fits 
snugly and securely into a cast recess 
around the inner periphery, a short distance 
from the end of the opening. An integrally 
cast cross bar prevents the spring from 
pushing back into the fitting. The coil 
spring acts as a flexible screen, the space 
between the spiral windings being small 
enough to keep out larger insects and other 
foreign matter which might clog the open- 
ing. Any web formations across the open- 
ing will be broken upon venting of the reg- 
ulator, due to the flexing action of the 
spring. 

Gas Vent Elbow. Crane Co., 
Michigan Ave., Chicago 5. 
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TOOLS 





Pipe cleaner 

A gasoline powered electric eel has been 
introduced for use in cleaning pipes where 
electric power is not readily available. The 
equipment weighs sixty-six pounds and is 
designed to clean pipe 1%” in diameter and 
larger. The 12 horsepower engine, geared 
back six to one, has sufficient power to 
handle 300 feet of cable, it has an instan- 
taneous kickout and an adjustable friction 
clutch between the engine and the cable. 
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Flexible connections are provided for join- 
ing the cables which are available in either 
regular or heavy duty types. The manufac- 
turer states that due to construction fea- 
tures, it is impossible to lose broken cable 
in the pipe. 

Electric Eel. Ohio Tool & Engineering 
Co., Springfield, O. 


Portable masonry saw 

Built primafily of aircraft tubular steel, 
this lightweight, portab!e, tubular masonry 
saw is available in four models. One four- 


teen- and one twelve-inch blade models, 
designed for wet or dry cutting, and one 
fourteen-inch and one twelve-inch blade 
models for dry cutting. Weighing 245 Ibs., 
provisicn is made for accessory wheels on 
the saw to allow for easy movement. The 
wet cutting models have a self-contained 
water system, and a new self-priming pump, 
which carries a one year guarantee. Dry 
cutting models can be converted to wet 
cutting, by the addition of a conversion 
kit. All welded, the fourteen-inch blade ca- 
pacity models are equipped with 1% hp. 
motors, while the twelve-inch models have 
1 hp. motors. 

Tak-A-Bout Masonry Saw. Champion 
Manufacturing Co., 2028 Washington Ave., 
St. Louis, Mo. 


Adjustable valving wrench 

Designed specifically for insertion of 
valves in cylinders this adjustab'e valving 
wrench can be used by one man for insert- 


ing or removing high pressure cylinder 
valves, or bcttled gas valves from cylinders. 
It is made of steel alloy case hardened to 
insure long life the manufacturer reports. 
The handle can be fitted with either of two 
jaws; one adjustable from 15/16” to 1 
3/16”; the other from 1 3/16” to 1 7/16”. 
It is necessary to attach a 1” steel pipe ex- 
tension to the wrench, the length of the ex- 
tension governing the amount of torque ap- 
plied. 

Valving Wrench. Superior Valve & Fit- 
tings Co., Pittsburgh, Pa. 





VALVES, COCKS, STOPS 





Globe or angle valve 


This new valve is said to incorporate rad- 
ical changes in design and operation, us- 
ing O-rings for bubble-tight shut-off. The 


valve is equipped with a throttle plug- 
spindle feature and a micro-adjusting rising 
stem which controls the ratio of the flow 
from full open to less than | per cent of the 
effective flow area through the port. The O- 
rings are said to be fully protected against 
blow-off at all rated line velocities. The 
metal seat shield is an independent part and 
will not revolve when in contact with the 
seat in the valve body, thereby eliminating 
galling. This shield fully encloses and pro- 
tects the O-rings. The valve is available in 
Y%4” and 2” sizes, either globe or angle. It 
is made of stainless steel and is designed for 
operation with any fluid. Rated at 3,000 
psig, the temperature limits are from 40° 
to 225°F plus. 

Daniel Throttleseal Valve. Daniel Orifice 
Fitting Co., Los Angeles 23. 


Gas valve 

A new diaphragm gas valve that is inter- 
changeable with standard solenoids and op- 
erates on all gases has just been announced. 


— wel 

Cast aluminum body and housing, larger 
pilot passageways and a three-ply dia- 
phragm using a nylon interior sandwiched 
between Buna-N rubber are features that 
were built into the new valve to minimize 
servicing. The control is availab!e in a va- 
riety of mode!s, sizes and voltages. The 
V499 is adapted for A.C. or D.C. line volt- 
age, while the V899 is designed for low 
A.C. voltage. Both of these are offered in 
three models, in five sizes ranging from *4 
inch to 2 inches. They provide a choice of 
manual opener, no manual opener or man- 
ual opener with automatic recycling. The 
compactness of the control allows it ‘o 
fit into small spaces. It meets all Iccal codes 
and gas utility requirements for all gases. 

Diaphragm Gas Valve. Minneapoli;- 
Honeywell Regulator Co., Minneapolis 3. 
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Service cock 

his lubricated, tamperproof service 
cock is available in sizes of %4” through 
\\2”. To resist tampering the manufacturer 


states a screw driven in the stop collar pre- 
vents removal of the collar, and a blind 
drive pin in the adjustment collar holds that 
collar fast. Grcoves above ani below the 
plug ports carry a film of lubricant to all 
areas of the seating surface providing a 
positive seal whether the service cock is 
open or closed, it is reported. Additional in- 
surance against leakage is also provided by 
rings at the upper and lower ends of the 
plug. The service cock is rated at a working 
pressure of 125 psig, water, oil or gas. 

Nordstrom Tamperproof Service Cock. 
Rockwell Manufacturing Co., 400 N. Lex- 
ington Ave., Pittsburgh 8, Pa. 


Recirculating valve 


This recirculating valve is designed for 
use in any stream that divides fluids, op- 
erating at a maximum of 125 psi. The de- 


sign incorporates a combination of vaive 
principles and O-ring sealing. It is claimed 
that a positive leakproof condition is ob- 
tained and that both handle-loads and in- 
ternal wear are reduced to a minimum by 
the application of an externally adjustab!e 
spring seating control that features multiple 
ball pressure contact against a hardened 
wear ring. The valve is~available in cast 
aluminum, steel or Navy bronze. The 
bronze and steel valves are cadmium plated 
throughout. 

Ardee Recirculating Valve. Ardee Man- 
ufacturing Co., 840 N. Seward St., Los 
Angeles 38. 


Cut off valve 


his positive pressure cut off valve was 
signed primarily to prevent runaway pres- 
ures in low pressure systems, and is said to 
€ flexible in utilization. It can be used in 
¢ industrial or commercial installations 
0 prevent excessive buildup of pressure in 
> of failure of the service regulator or 
ther cause. A feature of the valve is the 
lition of a fusible link to the controlling 
‘r arm which reportedly will cause the 
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valve to operate in case of fire by stopping 
the flow of gas throughout lines with areas 
endangered. The valve is available in sizes 
2” to 16” and can be adjusted to cut off at 
any desired pressure, and is easily reset after 
operation. The company reports there is 
practically no pressure loss throughout the 
line, and the valve does not require large 
vents. 

Norwalk Positive Pressure Cut Off Valve. 
Norwalk Valve Co., Norwalk, Conn. 


Gas meter stop 

This new gas meter stop is a development 
which the manufacturer claims will provide 
for a safer and easier-to-turn stop wi:h a 


longer service life. It consists of an iron 
body, brass key, plug stop, with a stream- 
lined gasway for maximum gas flow and key 
strength. False ports protect the precision- 
ground and -lapped facing members. These 
stops are assembled at the factory without 
greasing, tightened to the point of key-to- 
body contact, then the special tamper-proof 
washer is drilled with a blind-hole and 
pinned to the large boss on the bottom of 
the key in perfect adjustment for the life of 
the stop. Perfect sealing of the key ends is 
accomplished by using synthetic gas-resist- 
ant “O” rings which seal the stop effectively 
at as high as 25 times the pressure where 
ordinarily stops leak, the manufacturer 
states. The stop is greased through a small 
tapped-and-plugged hole in the stop body. 
This hole lines up with four machined verti- 
cal grooves in the key surface. Grease is 
forced through the hole, into the body, at 
sufficient pressure to completely fill the 
grooves, lubricate the ground key surfaces 
and to compress the “O” rings. As the stop 
is operated, the “O” rings slowly regain 
their original shape, thus maintaining pres- 
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sure on the grease and distributing a grease 
film of proper thickness for easy-turning, 
long-life and best pressure-sealing quali- 
ties. The manufacturer states that tes‘s re- 
veal that these stops were practically in 
original condition after 25 times the num- 
ber of operations where stops ordinarily 


turn hard and leak. After long use, the 
holding and turning qualities of the stop are 
restored by refilling with grease. These 
stops are available in sizes from %4” to 2”, 
with straight head or lock wing. 

LubOseal Gas Meter Stop. Mueller Com- 
pany, Decatur, Ill. 


Safety shut-off valve 


Intended primarily for use in gas or oil 
lines, this globe-type valve is offered in all 
standard pipe sizes from %4” through 6”. 


The valve, as shipped, extends 3%” on one 
side of the pipe, and 4%” or 5%” on the 
other side, depending on valve size. The 
mechanism may be rotated relative to the 
valve body because of this short dimension, 
in another direction. The valve may be 
mounted in either vertical or horizontal 
line, and if overhead may be operated with 
a chain and reset wheel. The mechanism 
will withstand ambient temperatures as high 
as 167°F and oil heated to 250°F may be 
passed through the valve. It may bz shut 
with the hand lever, but whenever the valve 
shuts itse!f the hand lever becomes disen- 
gaged from the mechanism. When the trou- 
ble is corrected it may be opened easily with 
a four bar lever arrangement which gives 
a straight up-and-down pull on the valve 
shaft. 

Series 22 Safety Shutoff Valve. North 
American Mfg. Co., 4455 E. 71 St., Cleve- 
land 5. 


Caps and plugs 

Two fittings, a cap and a plug, have 
been added to the manufacturer's line of 
fittings. The cap is used for capping the 


end of a tube, and the plug for plugging 
the unused port of a fitting. The items are 
availab!'e completely assembled, finger- 
tight, and require just 1% turns of a wrench 
to provide a torque-free, leakprcof seal. 
The caps and plugs are available in a 
wide variety of sizes from 4%” up in brass, 
aluminum, ste2l, stainless steel and Monel. 

Swage'ok Cap and Swagelok Plug. Craw- 
ford Fitting Co., 884 E. 140 St., Cleveland 
10. 
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American Gas Fundamentals is a continuing educo- 
tional and refresher course covering every phase of niet 
gas industry operation. Started January 1951, it ap- Persie oe senlie elomeagn te 8 
pears in monthly installments in American Gas Journal. arcing Us. therefore. cyan 
New subscribers may have reprints of all previous ~ 

chapters free of charge. Subscription Rates: American 
Gas Journal and American Gas Handbook, $3.00 per 


year—two years $5.00. 
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COMPUTERS 


FOR LOW PRESSURES: 


Cubic feet of gas 

per hour 10 to 500M 
Pipe diameters 34" to 48” 
Pressure loss (inches) . . .01 to 10 
Specific gravities 1.5 to .35 
Constants 1400 to 1000 
Pipe length (feet) . . .30 to 30,000 


FOR HIGH PRESSURES: 


Cubic feet of gas 

per hour 100 to 1OMM 
Pipe diameters 34" to 30” 
Difference in absolute 

pressure to 
Sum of absolute 

pressures. . .20 to 2,000 psi. 
Specific gravities 1.5 to .35 
Pipe length (feet) . . .100to 5,000 
Pipe length (miles) 1 to 250 


The computers are printed 
on heavy durable plastic, 
enclosed in leatherette 
cases with complete in- 
structions for their use. 
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205 E. 42nd Street, 
New York 17, N. Y. 
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SURE RIS Sp og oa ein ac bn tccccesceceee 


NATURAL GAS PLANT EQUIPMENT 
United Engineers & Constructors Inc. ............... 174 


ODOR INTENSITY METER 
Oronite Chemical Company 


ODORANTS, GAS 


Mallinckrodt Chemical Works 

Natural Gas Odorizing Co., Inc. ...............0005 
Oronite Chemical Company 

| ES SP eee eee 173 


ODORIZATION EQUIPMENT 
Peerless Manufacturing Co. .................-0008: 204 


OIL FOGGERS 
Blaw-Knox Company 


OIL GAS REGENERATIVE SETS 
Gas Machinery Company, The 


OIL SCRUBBERS, LIGHT OIL RECOVERY APPARATUS 
Gas Machinery Company, The 


OVENS, VERTICAL CHAMBER 
United Engineers & Constructors Inc. ............... 174 
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PIPE, CAST IRON 
Cast Iron Pipe Research Association 


PIPE PROTECTION 
Hill, Hubbell and Company 
Pipe Line Service Corporation 
Tapecoat Company, The 
Trenton Corporation, The 


PRECIPITATORS 
Research Corporation 


PROCESSES 
Gas Machinery Company, The 
General Industrial Development Corp. .............. 
Selas Corporation of America 
Semet-Solvay Engineering Division, Allied Chemical & 
Dye Corporation 
United Engineers & Constructors Inc. ............... 


PURIFIERS, IRON OXIDE 
Gas Machinery Company, The 


PURIFYING EQUIPMENT 
Cruse-Kemper Company 


REFRACTORIES 
Norton Company 


REGASIFICATION EQUIPMENT, NATURAL GAS 
Gas Machinery Company, The 


REGULATORS, PRESSURE 
American Meter Company 
Chaplin-Fulton Manufacturing Company 
Fisher Governor Company 176-177 
Reynolds Gas Regulator Co. ...............cccecce 201 


SAFETY EQUIPMENT 
Mine Safety Appliances Company 
Partlow Corporation, The 166-167 


SCRUBBERS 
See Cooling scrubbers 
Oil scrubbers 


STANDBY EQUIPMENT 
North American Utility & Construction Corp. ........ 181 
(Continued on next page) 
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INDEX TO ADVERTISERS’ PRODUCTS AND SERVICES 
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STEEL FABRICATION 
Cruse-Kemper Company 
i Me eae eu ob sbeebs spun 197 


STOPPERS, GAS LINE 
Safety Gas Main Stopper Co. ....................., 185 


STORAGE EQUIPMENT, NATURAL GAS 
Gas Machinery Company, The 


STRAINERS 


TANKS, FABRICATION 
Cruse-Kemper Company 
SE, sy veda ceesesasbeesec see 


TAPE, PIPE-REPAIR 
Safety Gas Main Stopper Co. ..............eeeeeees 


TAR DEHYDRATION EQUIPMENT 
Gas Machinery Company, The 
Research Corporation 


THERMOMETERS 
Partlow Corporation, The 166-167 


meee eomeememe. "The B. H. .... 61... ccc cacccvacee 206 





TOOLS, EARTH BORING 
Weypeatnet Carin BAGG 6's ii e528 vA Seas) Sass 


TRENCHERS 
Cleveland Trencher Co., The 


TRUCK BODIES, GAS UTILITY 
ee RG A er ye ern ae 


VALVES 
Andale Company 
Chaplin-Fulton Manufacturing Company 
Fisher Governor Company 176-177 
ES ee 191 
Norwalk Valve Company 205 
Partlow Corporation, The 166-167 


VAULT COVERS 
Ween CR, Oe le BI skeen cd ctc csc aiasee 


WATER HEATERS 
Cleveland Heater Co., The 
Duo-Therm, division of Motor Wheel Corporation .... 


WATER HEATER CONTROLS 
Titan Valve & Manufacturing Company, The 


WELDING EQUIPMENT 
Lincoln Electric Company, The 
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PRODUCES SAVINGS 


..o IN TIME...HANDLING ... SPACE... MAN-HOURS... 
MATERIALS ... MAINTENANCE... FUEL... REJECTS 


Industrial gas engineers, promoting the use of gas for 
heat processing, often are called upon to give sources of 
equipment for handling specific jobs. It may be for a 
new or expanding plant, or for replacement of obsolete 
equipment. 

Selas Improved Heat Processing reduces waste of 
such tangibles and intangibles as shown above, usually 


making a saving in not one—but a number of 
these factors. 


ih p* is not a machine... nota furnace...nota fer these 


method ... but a combination of Selas techniques 


and equipment using gas as a heating medium. tnilusLiiA 


If you are not familiar with Selas methods or 2 
products, send for bulletins describing the applica- Metal Producing 
tion of these techniques in various industries. Or Metal Working 
ask to be put on the mailing list to receive the Petroleum 


company publication '‘High Gradient.” cochamions 


Chemical 
*Improved Heat Processing ono 

Ink 

Glass 

Ceramics 

Textile 

Printing 


CORPORATION OF AMERICA 
PHILADELPHIA 34, PENNSYLVANIA 
Development + Design - Manufacture 
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Partlou developments.) 


The whole Partlow line has been undergoing change and 
improvement in a big way during the past two years. 
Here, for gas engineers, is a new condensed look at the 
line. 

But the developments of 1952-53 go well beyond the 
details of the instruments themselves. 

First, the entire line has been given new, simpler and 
clearer designation. A whole new Library of catalog data 
and engineering help has been organized and printed. Use 
the coupon across the page to get your copy. 

Second, our sales and field engineering staffs have 
been enlarged. The plant, too, has been extended and 
modernized. 


Third, the line has been filled out—an improved and 


smaller explosion-proof model has been invented ; tem- 
perature ranges have been stretched ; new high-capacity 
mechanical controls have been added; new sizes have 
been offered ; and a lot of important new applications (as 
for TV-tube baking, and multi-position instruments for 
load splitting and multiple duties ) 
have been developed. 

And not the least important 
1953 development was Partlow’s 
sharing with 38 other member 
companies in the Code of Ethics 
program of the Industrial Divi- 
sion of GAMA. Partlow is proud 


to use the new seal as Signer #17. SIGNER NO. 17 





MODEL 70 
HIGH-PRESSURE 


Featuring a balanced 
double-ball valve to handle 
high-pressures with very 
close sensitivity. Six stand- 


14” 


model with large ball and 


ard pipe sizes, and 


seat dimensions for faster 


than normal recovery. 


MODELS RS & RCS 
RECORDING 


Two fine recording lines— 
with or without cams for 
program control. Basically 
two-position controls, but 
adaptable to two-point 
(RSS) and proportioning 
(RP) modifications. All 
ten ranges (—30 to 1200° 
F). Electric or spring 
wound chart drives. 








MODELS 40 & 60 
STD. LOW-PRESSURE 


The standard mechanical 
throttling lines for low-pres- 
sure work. Require no ac- 
cessories. Full size ranges 
for both horizontal and ver- 
tical lines. Four special 
models for 5-pound air or 
gas. Extremely sensitive; 
rugged; low in cost. 


SAF-T-FLAME 
RELAY 


FM approved, instantane- 
ous, combustion safeguards, 
operating on any gas by the 
flame conductivity principle. 
No vacuum tubes. Plug-in 
relays. Pilot burner avail- 
able with fittings and adapt- 
ers to suit almost any ap- 
pliance without alteration 
Manual or automatic pilot 
ignition. 





MODEL 20 
APPLIANCE UNIT 


Partlow’s smallest and most 
compact mechanical control 
for 4” and 3%” lines. Di- 
rect acting. Maintenance 
free. Nine temperature 
ranges. Often used with 
arbitrary scales to repro- 
duce adjustments without 
revealing temperature set- 
tings. 





MODELS TA, TD & TR 
THERMOMETERS 


Large scale industrial ther 
mometers of positive 
trouble-free, mercury-actu 
ated construction. Reliable 
sensitive, easy to read. Sec 
tor, dial or recording types 
All ten temperature range 
(—30 to 1200°F). 








American Gas Journal, October 1, 1°53 









1955 


}..in temperature control 


— 








=a 
MODELS BSS & LSS MODEL VS 
TWO-POINT EXPLOSION-PROOF 
INDICATING 


; ' : A new, and proud, Partlow 
A two-point line with ad- 


justable differential (over unit, UL approved for an) 
full scale range with the hazardous location, yet only 
BSS; within 5 percent of 6%” square by 3%” deep. 
scale range with the LSS). 


Makes split-load jobs like 


Completely vapor proof. 


Will handle 4 amps at 125 
two-stage heating, cooling " 
volts, or 50 volt-amperes in 








after heating, upper-limit 
. , ais vilot duty. Non-indicating. 
signalling and differential pilot duty on-indicating 
zoning easy to accomplish Adaptable to all tempera- 


with a single instrument. ture ranges. 





MODELS MS & LS 
SINGLE POINT 
INDICATING 


Perhaps the most widely 
used Parlow controls—sub- 
ject to so many variations 
and so many classes of 
service by simple switch 
specification. The MS is 
unusually compact; the LS 
has the large distance-read- 
ing scales. Precision snap- 
acting switches; two or 
three-wire control circuits. 
All ten scale ranges. 


MODEL ZS 
APPLIANCE UNIT 


The dial-set electrical con- 
trol for appliance applica- 
tions. Compact yet full ca- 
pacity for operating sole- 
noids, motor valves, relays, 
blowers. Manual toggle 
cut-out switch and signal 


light optional. 




















... wen data, new Library’ oa 
coutrol, new catalog 


Three years of careful work have gone into along with binder, guide-manual, selection 
a new Library of reference data available chart, and special booklets on special fields 
to you without cost. 257 pages in 32 bulle- of control utilization. 


tins under 12 headings—all new—and offered 








MODEL 308 
TIMER 


\ dial type process timer of 
imple, quality construction 
r regulating purging or 
king processes and simi- 
r industrial gas applica- 
ns. Available with inte- 
ral start-stop button and 
ther automatic or manual 
set. Standard timing 
nges are available in sec- 
ds, minutes and hours. 





The Partlow Corporation 


New Hartford (Suburb of Utica) New York 


Send me your new, expanded and complete 
Library for Process and Heating Engineers. 





BOE .s aden 2 Usd meek beled ed keke a en ens pant cee baeeekan 





CET 94 d34<eennhueln ceweda dba ean bad hansee de hkersbeedde 
i ee ee ee eee ee py ee See re ee ea 
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CODE OF ETHICS 
ML. : feb Son 


rely on this Code of 
Ethics Seal when you 
buy industrial gas 
equipment. 








TO ALL BUYERS OF 
INDUSTRIAL GAS EQUIPMENT... 


announcement from Industrial Gas Equipment Division, G. A. M.A. 


“On April 15th, 1953, members of the Industrial Gas Equipment 
Division of G.A.M.A. agreed on a program to assure you highest 
standards of safety, performance and durability when you buy 
furnaces, ovens, boilers, melting equipment and other combustion 
assemblies using gas. 

“For obvious reasons it is impossible to develop laboratory 
tests and approvals, as is the practice in other fields. 

“Conscious of his obligation in matters of safety and reliability, 
each of our members has, and must pledge himself to a Code of Ethics 
governing claims he shall make for his 
equipment, as well as the care to be used 
in its design and construction. Each 
signer agrees scrupulously to avoid false 
or misleading statements with respect to 
the grade, quality, design, construction 
or performance of his products. 

“Your assurance that Code of Ethics 
principles underlie manufacture of the 
equipment you buy is the Signer’s Seal, 
reproduced above. Look for it as the 
symbol of integrity and quality! : 

“Let us send youa complimentary copy FO L f 
of the Code of Ethics, and a list of signers a At. 


with products they manufacture.”’ 





Chairman 




















INDUSTRIAL GAS EQUIPMENT DIVISION, G.A.M.A. 


industrial Gas Equipment Division, G.A.M.A. | 
60 East 42nd Street, New York 17, N. Y. | Send Coupon 


Gentlemen: Please send me a free copy of your ''Code of 


Ethics’’ and list of signers. for complimentary copy 


es, RC es Dee ae ee ts —~} 


new booklet 
EE OTL LO RA | 


Address == | "Code of Ethics”’ 
| ES eee _Stete 








American Gas Journal, October 1, 1°53 

















FLOOR FURNACES 








Duo-Therm leadership in home heating appliances is an 
open book. For over 26 years Duo-Therm has set the 
standard in engineering, in styling, in performance. 


More than 2 million warmly satisfied customers prove it. 


. . . 201—35,000 BTU 
So our story is short and simple. Satisfy your customers Floor or Wall Reg 


with every phase of your gas service. Give them the best 

in cleanliness, convenience, efficiency. Pave the way for 
more gas appliance sales and bigger gas loads. Install | A 
Duo-Therm vented gas appliances. 


Trouble-free burner performance in every Duo- 

5 , Therm gas appliance. Tapered profile and inner amps 
saytar 1101 and 1201 ¥ baffle of Duo-Therm’s Equaflame Burner produce a 
73,000 and 33,000 BTU uniform blue flame at every port, on every fire setting. 


All-In-One Control on Duo-Therm home heaters 
and floor furnaces makes installation easier. Duo- 
Therm “SPT” Series gas home heaters feature 
All-In-One Control and mechanical thermostat 
factory-installed in complete, “ready-to-go” auto- 202-5000 8TU 
matic heating packages. Fiass or ss Og 





Chippendale 130 and 116 rs ; 
and 65,000 BTU - Duo-Therm water heaters feature thick spun-glass 
¥ insulation, heavy-duty steel tank zinc-lined for 
longer life, 10-year warranty. 


Duo-Therm’s national advertising consistently sells 
quality and creates demand for the Duo-Therm 
brand name. »2—60,000 BTU 


Maytaw 1102 and 1202 Floor or Wall Reg 


== — Duo-THeRm << 


Division of MOTOR WHEEL CORPORATION » Lansing 3, Mich. 


WATER HEATERS 


Chippendale 1405 and 1455 
50,000 and 65,000 BTU 





2200-S Two bu 
Clock-Timer contro! Manual control 2250-S Four bu. 
Manual control 20, 30, and 45 gallon capacities 
Automatic controls—10 yr. warranty 




















Destined to write 
a new page in 


cast iron pipe’s history 


Everybody knows that cast iron pipe has 

a history of more than 200 years of 
continuous service abroad and over a 
century in more than 45 cities in America. 
A record of economy and efficiency 


unique in engineering annals! 


Yet today’s modernized cast iron pipe—centrifugally cast 

and with standardized mechanical joints—is even more economical, 
even more efficient. The pipe is stronger, tougher, more uniform 
in controlled quality. The mechanical joints are bottle-tight 


for approved working pressures and for all types of gas. 


If you want the most efficient and economical pipe ever made 

for gas distribution, your new mains will be laid with cast iron pipe— 

centrifugally cast and with standardized mechanical joints. a 
Cast Iron Pipe Research Association, Thos. F. Wolfe, 

Managing Director, 122 So. Michigan Ave., Chicago 3. ugh sened mmr id arin 


the Registered Service Mark of the 
Cast Iron Pipe Research Association 


Modouined eesst iron 
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This cast iron gas main, uncovered 
for inspection, is in good condition 
after 119 years of service in 
Baltimore, Md.—one of more 

than 45 cities with century-old 

water or gas mains in service. 
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Cheelin-Tllon 
PRESSURE REGULATORS 


a complete line for every requirement 


MODEL 44 
Weight and Lever Loaded 


For general pressure reduction service. Sizes 2’’-12” 
standard, 16-24” special. Flanged body assemblies in 
cast iron for 100 lb. or 600 lb. W.P.—cast steel for 
1200 lb. W. P. Controlled Pressure Range—ounces to 
200 Ibs. All flanged construction—lubricated stuffing 
boxes—removable orifices—balanced valve assemblies 
interchangeable—hard seat, soft seat or reduced size— 
all center guided. 


—-—MODEL 445 
Spring Loaded 


A dependable, accurate regulator for distribution serv- 
ice, large industrial or commercial applications, boilers, 
industrial furnaces, dehydrators, etc. Sizes 2-6”, flanged 
F&D 125 lb. body assembly for 100 lb. W. P. Con- 
trolled Pressure Range—ounces to 50 Ibs. Can be fur. 
nished as zero governor. Removable orifices, soft seat 
balanced valve construction, easily adjustable and re- 
movable. Springs colored for identification. 


——MODEL 44 PC 
Pilot Loaded 


An accurate efficient pressure loaded regulator for high 
or low pressure service. Town border settings, com- 
pressor fuel lines, transmission measuring stations, 
large industrial installations. Sizes 2-12”, flanged for 
100 Ib., 600 Ib., or 1200 Ib. W. P. Controlled Pressure 
Range—ounces to 400 lbs. All flanged construction. 
MODEL 44 PC—closes on pilot pressure failure. 
MODEL 44 PO—opens on pilot failure. 


OTHER BALANCED VALVE TYPES 


Model 44D Duplex Gas Regulators Model 46 Industrial Furnace 
Model 44B Back Pressure Regulators Regulators 


- r 
Model 44 Diaphragm Motor Valves SENSITROL Pilot Loading Systems 


al 
? 
SINGLE SEAT REGULATORS Chaollt ONon 
Little Hercules High Pressure H. P. Spring Field Type 149 ; 
H. P. Field Regulator Type 101 Dead Weight Pressure Regulators 


House Regulators with Cut-off C-F Type 250 Safety Valves MANUFACTURING COMPAR! 


LONG IN OPERATION © LOW IN MAINTENANCE Pittsburgh 25, Pennsylvania 
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FIRST SIGN 
OF DANGER! 








SHARPLES Spotleak 


Like antiaircraft radar, Spotleak warns at the first sign of danger. 
SPOTLEAK 1008 and SPOTLEAK 1009 are new fuel gas odor- 
ants introduced this year by Sharples Chemicals Inc. 


Have you investigated these new gas odorants? 


SPOTLEAK 1008 


for liquid injection odorization 


Because of its high potency is: 
Economical—reduces amount 
needed and handling. 
Versatile—can odorize both 
long transmission mains and 
vast distribution grids. 


SPOTLEAK 1009 
for either evaporation by-pass 


or liquid injection systems 


Very stable—resists fading— 
remains active after long con- 
tact time in the gas stream. 
Uniform composition means 
uniform odor. 


OTHER SHARPLES ODORANTS 


Pentalarm 86 


Pentalarm 1004 





| 





i1ARPLES CHEMICALS Inc. 


A SUBSIDIARY OF THE PENNSYLVANIA SALT MANUFACTURING COMPANY 


500 Fifth Ave., New York * 80 E. Jackson Bivd., Chicago * 106 S. Main St., Akron 
Martin, Hoyt & Milne Inc., San Francisco * Los Angeles * Seattle * Portland 


Shawinigan Chemicals, Lid. * Montreal * Toronto 
Airco Company International, New York 


SHARPLES 





ber 1, 1953, American Gas Journal 




















Carburetted and Blue Water 
Gas Plants 


Mechanical Generators and 


Chargers 
Automatic Control Machines 
Waste Heat Boilers 


U.G.I. Heavy Oil Process 


UNITED SERVICES PROVIDE 


EXPERIENCE IN DESIGN 


United has over 70 years’ experience in 
gas industry construction. 


EFFICIENT APPARATUS 
United has pioneered major developments 
in city gas and synthesis gas production, 
catalytically and thermally. 
ECONOMICAL CONSTRUCTION 
United has large, well-organized forces 


for natural and manufactured gas 
construction work. 


EXPERIENCE IN OPERATION 





U.G.I. Cyclic Catalytic 
Reforming Process* 


Gas Main and Pipe Line 
Construction 


Natural Gas and L.P. Gas 
Plant Equipment 


U.G.I. Reforming Processes 


Producer Gas Plants 








Vertical Chamber Ovens for securing most 





United has experienced plant operators 
efficient results from 
apparatus. 


High-Duty Condensers 








U.G.I. MECHANICAL GENERATOR CARBURETTED 
AND BLUE WATER GAS SETS 


The U.G.I. Mechanical Generator is established as a rug- 
efficient 


makes an important contribution to betterment of gas plant 


ged, reliable and self-clinkering generator, that 


labor conditions. Over 140 installations have been made. 


U.G.I. Water Gas Apparatus is the result of over sixty 
years’ experience in design and operation of gas plants. It 
offers maximum efficiency with minimum cost of labor and 
Automatic control, 


maintenance. self-clinkering generator 


and fuel charger provide complete automatic operation. 


Lowest cost raw materials available to plant can be used. 


U.G.I. CYCLIC CATALYTIC REFORMING* 
APPARATUS 


This process is a flexible and economical method of re- 
forming natural gas, L.P. gases and heavier hydrocarbons up 
to a low sulphur kerosene to meet the base load and peak 
load requirements in a natural gas situation. The process 
has the flexibility to produce gases of the characteristics 
required for interchanging with existing gas mixtures. 

The operating requirements for the process are simple, 
and this, together with its eficiency in using raw materials, 


contributes to the low production costs. 


The investment cost for the process is low for new instal- 
lations on a new site. The process lends itself to further 
economies through installations adjacent to existing water 
gas equipment and through conversions of water gas sets 


where existing services are utilized to the fullest extent. 


Patent Pending 


PIPE LINE AND NATURAL GAS EQUIPMENT 


Complete engineering and construction services for com- 
panies taking natural gas on either a straight or mixed gas 
basis are available. These services cover pipeline construc- 
tion, facilities for handling the incoming gas from the main 
natural gas pipe line, plant gas handling and utilization 
equipment and additions and changes to the distribution 


system. 


For a mixed gas basis, the equipment in the plant would 
include facilities for reforming on water gas sets, for cold 
enrichment, for boiler firing, for gas engine driven com- 
pressors, and for reformed gas treatment, such as naphtha- 


lene scrubbers. 


For a straight natural gas basis, facilities are provided 
for oil gas production for standby or peak shaving, for 
humidification, o11 fogging, gas mixing, and for measuring 


and sampling. 


UNITED ENGINEERS & CONSTRUCTORS INC 


NEW YORK 17 


WITH A BACKGROUND OF OVER SEVENTY YEARS’ 


PHILADELPHIA 5 


CHICAGO 2 


EXPERIENCE 
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AMERICAN 
PRECISION 
EQUIPMENT 
for the waiaaas 
GAS 
INDUSTRY 


includes: 


Indicating 
Orifice Meters } 


MEASUREMENT 


ENGINEERS Steelcase 











lroncase Meters Recording Orifice Meters 


L.P. Gas Meters 


GENERAL SALES OFFICE: 1513 Race St., Philadelphia 
Albany * Alhambra ¢ Atlanta * Baltimore * Birmingham 


(2) 
Boston * Chicago * Dallas * Denver * Erie * Houston AM | R ICANN 
Kansas City * Los Angeles * Minneapolis * New York 

Omaha * Pittsburgh * San Francisco * Seattle * Tulsa 1) @ oe ee oe: 4 Teri) 8°. BB @ 


IN CANADA: Canadian Meter Company, Limited INCORPORATED (ESTABLISHED 1836 
Hamilton, Ontario * Edmonton, Alberta 
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Self-contained pilot-operated gas regu- 
lator for small border stations and in- 
dustrial applications. 2” size only. Re- 
duced pressure range 4 ozs. to 65 lbs. 


TYPE 730C 


Standard gas service regulator with or 
without integral relief valve, bug-proof 
vent. Sizes %" to 2’ 





TYPE 840 


The Fisher King Booster is an entirely 
self-contained pressure controller. It will 
maintain a constant pressure at the low 
pressure point in the distribution system 
regardless of demand load. 


: 
t 
| 
t 


TYPE 630 


Big Joe’’ pressure regulator for high- 
pressure field and pipe line installa- 
tions. Sizes 1” and 2”. Reduced pres- 
sure range 5 to 200 pounds. Inlet 
pressure up to 1000 Ibs. 





TYPE 
4100D-57T 


High-pressure 
reducing valve for 
border stations — 
high-pressure regu- 
lation and industrial 
applications. 








TYPE 298 


Pilot-operated gas pressure regulator— 
non-bleed construction—for border sta- 
tion and district regulator applications, 
for low and intermediate pressures. 
Sizes 2” ond up. 











FISHER GOVERNOR 


f-sahes Ds yer Le REY aes. 


LEADS THE INDUSTRY IN RESEARCH FOR 
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TYPE 29 


Full capacity relief valve for distribution 
systems where large volumes may be 
discharged without a substantial in- 
crease in system pressures. For complete 
protection against excessive pressures. 


i 


TYPE 66 


Low-pressure sensitive industrial regu- 
lator for inlet pressure up to 5 Ibs. Re- 
duced pressure WC to 1 Ib. Sizes 2”, 
3”, and 4”, 








\. 


TYPE 880 


High-pressure gas regulator with no 
bleed to atmosphere, for border sta- 
tions, loop lines, and big industrials. 
Extreme stability combined with excel- 
lent performance. 














Ee So =o : j 


i inn necitaiaiaaiasith 


ii i ince 


heguiators 


The Industry’s Most Complete Line 


Fisher Governor Company's wide variety of regulators 
handle control applications ranging from the natural gas 
well head to burner utilization. Illustrated are just a few 
of the varieties of construction. 





TYPE 298A-831LTC | 


As a district regulator the Fisher Time 
Temperature Booster will automatically 
increase the low pressure when the 
temperature drops to compensate for 
the increased load of residential heat- 
ing. It automatically lowers the pressure 


during high-temperature periods 
COMPAN Y¢ Marshalltown, low 


BETTER GAS PRESSURE CONTROL 


This complete Fisher line of regulators for the gas indus- 
try includes District Regulators, high, low and interme- 
diate pressure — Distribution Regulators — House Service 
Regulators—High Pressure Field Regulators—Boiler Gas 
Fuel Governors — Booster Regulators — Safety Shut-Off 
Regulators—Town Border Station Regulators —Industrial 
Gas Regulators—Meter Run Regulators. 
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field gas pressures falling? 
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Clark has the answer.. 


Are you confronted with the problem of field gas pressures 
falling faster than anticipated? Do you have inadequate 
compressor horsepower in existing field gathering stations 
to cope with these conditions? 

The obvious answer, of course, is to add more horse- 
power. Where and how to install it with the least possible 
disruption of existing plant facilities is an additional prob- 
lem. The most economical location, not only from the 
standpoint of reduced pipe size and consequently reduced 
cost, but also with overall horsepower requirements in mind, 
is at the point of highest suction pressure or at the well. 
The simplest, most practical field compressor suited to this 
use is the Clark Midget Angle. 

Factory “packaged” into a complete semi-portable com- 
pressor station, it is all set to go to work the day it is re- 
ceived. It has the stamina and ruggedness—the Clark 
quality and dependability backed by over 600 field instal- 
lations, to “take over” the job completely with a minimum 
of preparation. 


CLARK BROS. CO. ° 





’ 


es 


- Midget Angles” 


* Perfect balance virtually eliminates 
foundation. A simple concrete slab is 
sufficient. 


* Needs only a roof in most cases. 


* Ready to tie in the day it arrives. It’s 
“factory packaged”. 


* Because it’s so rugged, very little 
attention is required. One man can 
handle a number of units. 


* Does not interfere with present com- 
pressor station facilities. 


* Easily trucked over lease roads and 
bridges without disassembly. It’s small 
and compact. 





OLEAN, N. Y. 





Division of Dresser Operations, Inc. 
OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
Gas-Engine-Driven © Steam-Engine-Driven 
Motor-Diiven © Centrifugal © Axial Flow 
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[fs natural to turn to 


SEME T-SOLVAY 


jor .” COMPLETE GAS ENGINEERING SERVICE 


Semet’s extensive facilities, our 63 years of concentrated experience in the gas 








field, guarantee proper handling of all the details of gas plant construction, 
expansion, or modernization. 

Qualified field engineers are available to take full responsibility. They will 
handle your project from research and development through process design 
and engineering. They will supervise purchasing, fabrication, and construction. 


You get a fully operational packaged unit ... and on-time delivery. 


EXCLUSIVE OIL GAS MANUFACTURING PROCESS 


Semet-Solvay Poughkeepsie Process 


(Patent applied for.) 





The simplest and least expensive conversion made. A non-regenerative type 
machine suited for use with light, low carbon oils. 


Semet-Solvay Poughkeepsie Process with Back Blast 


(Patent applied for.) 


Designed and developed by Semet-Solvay, this machine insures satisfactory gas 
production on a continuous 24 hour basis. Because you get positive carbon 
removal during the regular cycle, you need no stand-by time for scurfing—even 
with oil as heavy as Bunker ‘C.’ High thermal production capacity. Most effi 
cient of the low cost conversions. 


Semet-Solvay Regenerative Reverse Flow Process 


(U.S. Patents 2,605,176 and 2,605,177) 
Outstanding features are its high capacity with both low carbon and high car 
bon oils. Requires minimum man power, has fast start-up and ease of control. 


For performance data on these processes, for information on any gas 


making problem, it’s natural to see Semet-Solvay first. 














SEMET-SOLVAY ENGINEERING DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector St., New York 6, N. Y. 
































M:S-A INSTRUMENTS 


for accurate detection, 
measurement and control of 





Toxic and Combustible Gases 


M.S. A. EXPLOSIMETER 


Ideal for the detection of combustibles in operation; designed for day-in-day-out use. 
manholes, detecting and locating leaks in The unit is light in weight, compact, easy- 
distribution systems, and for use in general to-use. Clear, calibrated meter for quick, 
service inspection. Convenient one-hand accurate reading. Write for details. 


M.S.A. CARBON MONOXIDE TESTER 


Investigating suspected atmospheres for toxic concen- 
trations is quick and easy with this accurate instrument. 
The CO Tester indicates CO in air from 0.001 to 0.10 
percent by volume and is accurate in the presence of 
water and gasoline vapors. With a scrubber, it can be 
used for measuring CO in flue gases. Write for details. 


M.S. A. CARBON MONOXIDE ALARM 


Whenever CO reaches a predetermined concentration, 
this precision instrument sets off a loud, prompt, audible 
warning and visible indication. Ideal protection against 
toxic concentrations in gas manufacturing plants, pump- 
ing or compressor stations and around gas holders. 
Designed for 24-hour service. Write for details. 


M.S. A. COMBUSTIBLE GAS ALARM 


This instrument assures safe, continuous sampling of 
atmospheres for combustible gases and vapors in gas 
plants, compressor stations, and in gas holder areas. 
Explosion-proof construction permits installation in 
hazardous areas. Visual and audible warning when 
concentrations exceed predetermined percentage of 
lower explosive limit. Wall mounted, or can be arranged 
for multi-point sampling. Write for details. 


ALSO—M.S.A. LIRA INFRA-RED GAS ANA- 
LYZER for the detection of specific atmosphere con- 
taminants or for monitoring concentrations of gas 
stream components. Extremely accurate, with rapid 
response to changing concentrations. M.S.A. OXYGEN 
INDICATOR for measuring oxygen in fuel or flue 
gases—M.S.A. HYDROGEN SULPHIDE DETECTOR 
for measuring H2S content in manufactured or natural 
gas—two concentration ranges: 0-3 and 0-25 grains 
per 100 cu. ft. 





MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pennsylvania 
Call the M.S.A. man on your every safety problem At Your Service: 
«++ his job is to help you 82 Branch Offices in the United States and Canada 
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Pa" acc) AS STANDBY FOR NATURAL GAS 


| YY Y Reformed propane or oil gas enriched to 1,000 Btu/cf has gravity 
U/ 0.74 and represents higher percentage of substitution to natural gas 


N (gravity 0.6) than propane-air (gravity 1.2) . . . lower fuel costs 


\ when heating with heavy oil. 








FEATURES 


SIMPLE CONSTRUCTION 
LOW INVESTMENT _ REDUCED HEIGHT (H APPR. 1) 
NO EXPANSION JOINTS 
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ECONOMIC HEATING Gas on_tar—etc. 
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NORTH AMERICAN UTILITY & CONSTRUCTION CORP. 


° CHRYSLER BUILDING NEW YORK 17, N. Y. 
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ANYWHERE... 























ANY TIME.. 
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.. the Dresser Plus \ we 


1s at your Service! 


For prompt, efficient attention to your particu- 
lar oil and gas equipment needs, take advantage 
of Dresser’s “Service-Plus”f—the combined 
technical knowledge, research and experience of 
the Dresser Industries. When you do business 
with any individual Dresser company, the skill 
and resources of the entire Dresser group is at 
your service. 


“One for all and all for you” — is the practiced 


philosophy of all operating companies that make 
up Dresser Industries, Inc. 


Wherever you are —all of the Dresser Com- 
pany’s representatives are as near as your own 
telephone. Use both to expedite your problems. 
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The Automatic Gas Water Heater 
that Gives You High-Speed Recovery 


ee PF PTPPPe eee 





| TT ETT Tritt 


Here’s an automatic, underfired, insulated gas water heater 


that will step up sales for you! 


THE REX ‘XL’ IS FAST. An external flue surrounds the tank. 
Heat is directed over every inch of tank surface to give the REX 


“XL” four times greater heating area for high speed recovery. 


THE REX “XL” IS STURDY. An extra-heavy storage tank of 


copper-bearing steel, galvanized inside and out, assures extra 








long life. In addition, rust is inhibited and tank fife prolonged 


by the famous Elno Anodic Rod, an exclusive REX feature. 


THE REX “XL” IS EASY TO INSTALL—EASY TO SELL. 
Complete with all controls—temperature dial, safety pilot, 
floating tank and an efficient and economical burner—the REX 


line is easy to sell, easy to install. 


Free! Let us send you sample gauge plates and full details on 





the REX “XL”. Fill out and return the coupon below. 








Full Range of Sizes. AGA Approved. 


Gentlemen: 


Please send me free sample gauge plates and 

details of the REX “XL” AUTOMATIC GAS 

T 4 a CLEVE LA y) FA ER ( WATER HEATER design and construction. 
as 


2310 Superior Avenue Cleveland 14, Ohio < 





Addr 
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Oronite ALERT 80 


The improved Alert 
Gas Odorant 


As the requirements for a gas odorant 
change, so must a gas odorant change 
to meet today’s long-line, high-pres- 
sure transmission systems. Alert 80 is 
a selected and blended group of mer- 
captans with new blending and _ bal- 
ancing to give better, full-range vola- 
tility and stronger initial “punch”. 


Alert 80 will vaporize more evenly 
in a by-pass absorption type odorizer 
assuring adequate odorization at any 
pressure or temperature; it vaporizes 
faster in the line when using a liquid 
injection type odorizer; it has “carry- 
through” to warn instantly when a 
leak occurs. 


Alert 80 is already proved by utilities 
in actual use for over a year. It has 
met every test. 


Get the full story. Write or phone the 
Oronite office nearest you. 


Other ORONITE Odorants 
2. L-P Gas Odorant 
3. Calodorant 
4. Calodorant “C” 
5. Calodorant “C” Special 


ORONITE HAS A GAS ODORANT DESIGNED 
FOR YOUR OPERATING CONDITIONS 


It’s a fact that no single gas odorant will do the best, most efficient 
job under all operating conditions. Because of this, Oronite offers 
a choice of five gas odorants—three of the cyclic sulfide type and 
two mercaptans. 

In this group you will find the right odorant for your operating 
conditions, your equipment, your cost specifications. 


Our wide experience as a pioneer and leader in the field is at 
your disposal. Just contact any Oronite office and talk your prob- 
lem over with a gas odorant specialist. 


New Odorometer! 
“A complete room test in a package”’ 


Developed by Oronite, it does your 
room testing work for you. Contact 
any Oronite office for a demonstra- 
tion or write for bulletin and com- 


oe an i-E plete information. 
CHEMICAL 


COMPANY ORONITE CHEMICAL COMPANY 
38 SANSOME STREET, SAN FRANCISCO 4, CALIF. 
30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
STANDARD OIL BLDG., LOS ANGELES 15, CALIF. 
600 S. MICHIGAN AVENUE, CHICAGO 5, ILL. 
MERCANTILE SECURITIES BLDG., DALLAS 1, TEXAS 


2617 
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SAFETY GAS MAIN STOPPER CO. 


STREET DEPARTMENT z=: oe SUPPLIES 


Pac. Coast Rep.: C. B. Babcock Co., 384- 
523 Atlantic Avenue, Brooklyn 17, N. Y. cs 7th St., San Francisco 5, California 


HANDL! 
LOCKING SLEEVE 2 


Cable Address: Gastopper, New York at =x 0% 


New England Rep.: Eastern Appliance Co., 
281 Vassar St., Cambridge 39, Mass. 





THE GOODMAN-PEDEN STOPPER 
TWO STYLES—WITH OR WITHOUT PLUG 


: In the Goodman-Peden re Se. Bonitte 
. 4 frame, padding, covering an iaphragm o 
Standard ‘ Goodnan Stopper remain in principle, but the 
4 handles have been discarded and in their stead 
a new arrangement in construction makes it 
possible to operate the stopper mechanically 
rather than by the experience and skill of the 

workman. Made 

in standard sizes. 


in Stock 











GOODMAN CYLINDRICAL STOPPERS 


This is an inflatable bag 
with a fine, strong water- 
proof casing for use in gas 
and oil pipes. The broad cen- 
tral zone making contact 
with the wall of the pipe 
keeps the bag from creeping 
or slipping. 

It may be inflated to a 
high internal pressure and 
will hold against 60% as 
much pressure in the main. 

This stopper is pulled into 
place by cables. It will hold 
back more pressure than any 
other bag. 


. Sizes, 2 inch to 48 inch i 
Special Sizes oS 


Special sizes to order. 


GARDNER-GOODMAN STOPPERS 


refelel*lub i! 


on Short 
A stopper for low and 
intermediate pressures. 

For use on cast iron 
or steel, oversize or 

° undersize mains. 
Notice ! Easily inserted in top, 
bottom or side of main, 
in open excavation or 
under pavements. 

For pressure work, 
use two or more stop- 
pers in parallel. 

Sizes, 2 inch to 20 
inch. 





DEPENDABLE GAS MAIN BAGS 


PLAIN RUBBER For the present, we have discontin- 
eae ued the manufacture of all types of 
bags except ie “B” Plain Rubber 

(medium weight) and Type ‘“C” 


PIPE CLEANING Canvas Covered Bags. 

. Type “C” for use in mains coated 
with tar or oil and wherever a plain 
BRUSHES rubber bag would not hold. This 
} ae canvas-covered bag consists of an 
inner bag of fine quality rubber, 
strong and expansible, encased in a 
cover made of best eins U. &. 
Army duck. Gauge of Rubber and 
strength of duck suited to each size. 
Bags correctly fashioned and covers 
finely tailored insure a snug fit and 
a good shut-off when the bag is in- 
flated in the pipe. Fitted with tire 
valve, nipple, hose clamp and thumb 
screw. Inflate as you would a tire. 

To deflate pull out the valve. 
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Pipe Plugs 


Many Types 


Spring 
Heel 


Plugs 


| Tape for 


Emergency 


Repairs 


A valuable aid to 
have on hand to band- 
age up breaks in 
mains and _ services. 
Repairs made this 
way will hold for 
long periods if neces- 
sary. Bandage with 
Soap Tape and cover 
with Binding Tape 
Strips 2”, 4”, 6”, 8”, 


185 




















Heat Exchangers .. » Strainers . . . Valves 





HEAT EXCHANGERS 

Gas Coolers, Aftercoolers, (Heaters, Unfired). 
Air Coolers, Aftercoolers, Fue! Oil Heaters, 
Oil Coolers, Lubricant circuit, Feed \Water Preheaters, 
Oil Coolers, Quenching oil, Tar Heaters, 
Jacket Water Coolers, Waste Heat Recovery, 
Condensers, Ammonia, Stills, ° 
Condensers, Process Vapor, Reboilers 
Condensers, Carbon Dioxide, 

Tube Bundle type only. Standard Designs. Special 
Designs. Standard and Special Materials. 

Tubes seamless, cold drawn. Tube ends expanded metal- 
to-metal in both tube sheets. 





Andale STANDARD Designs. 
——With tube-bundles REMOVABLE: 

One end or both ends floating. 

With straight tubes. Tube bundles with same baffling, 
or with different baffling, are interchangeable in shells of 
the same design and size. Repairable. Both sides of bundle 
are cleanable, inspectable. Single pass and multi-pass 

Materials: Suited to the conditions in which the unit is 
to be used. 

Tube ay 614” to 192”. 

Tubes: 1/4” to 2} 1g" o.d. 

Shells:-1” to 7 2” i.d. 

For Pressures: Vaccuum to 900 Ib. sq. in. 

For Temperatures: 0°F. to 600° F. 

This group of designs includes: Andale Type 202; with 
heads and tube bundle removable without need of dis- 
turbing the pipe connections for the tube stream; which 
connections are on the outer wall of the shell, and are per- 
manent. Also Designs Type 202 Class IV; with the shell 
stream in a bored steel shell; with the tube stream touching 
only non-ferrous metal; with tube stream pipe connec tions 
permanent on ring at wall of shell (not on heads). * 

he various Series of Standard designs include units to 
serve in all usual (and many unusual) combinations of con- 
ditions and requirements. Designs to meet various prob- 
lems of destructive conditions, water quality, corrosion, 
abrasion, etc.; and to meet limitations on water quantity, 
pressure loss, space, weight, etc. 


— —— With tube-bundles NON-REMOVABLE: 

With both tube sheets joined permanently to shell; no 
stuffing box at either tube sheet. Vapor tight or gas tight 
on shell stream, and tube stream. Steam or other vapor is 
at outer side of tubes. Some designs with bowed tubes; 
“Tar heater” types. Other designs with straight tubes. 
with expansion joint in shell wall. 





Andale SPECIAL Designs. 


For special results, gases, liquids, situations, operating 
conditions, controls, etc. Including units of larger size than 
in standard series. With all parts special, or incorporating 
some standard parts. With special designs of heads, shell, 
joint plan, connections, reflux, offtakes, separator, etc. 

Special materials, as required. 

Pressures: Vacuum to 5000 Ib. sq. in. 

Temperatures: Minus 100° F. to 1000° F. 


We design and make tube bundle type exchangers to 
duty and material specifications of any department of 
Government; or to specifications of private industrial com- 
panies; to ASME boiler code or any State code; with 
manufacturer’s data reports supplied; with inspection by 
authorized inspectors of the department or company con- 
cerned, by National Board boiler inspectors, or by insur- 
ance inspectors. We do not make exchangers to designs 
not made by us. 


We do not issue a catalog of exchangers. Each offer is a 
design selected by us to meet best the user’s requirements 
and conditions. 





STRAINERS. For: 
Oil: Water: 
Lubricant Circuit Sea 
Fuel; before Tidal 
burner Harbor Engines, Gen- 
Cargo Freshet erators, etc. 
Pipe Line Trashy Sensitive 
Storage Well Instruments 
Refinery Corrosive Pumps 
Aviation Gasoline Contaminated, Heat Exchangers 
—Suction (Sewage etc.) Filter beds 
—Steam Plant Intake Tanks 
—Process Liquids Plant Service Reservoirs 
Product . Sprinkler Systems 
Liquids, Paints, Ship Service lines —Grease 
etc. Municipal Extracting* 
—Recovery of Services —Feed Water 
Wanted Solids Filter* 
*(With 
wrapped 
Baskets). 
With straining openings from 0.0055” (0.0029” in some 
cases); to 3/8” or larger. Pressures: from suction to 900 
psi. Temperatures 10 1200 deg. F. Materials suited to the 
conditions. 


BASKET Type Strainers 


Baskets rem« wble. Interchangeable. Bodies: cast iron, 
bronze, cast stecl. Tested to 50% over stated rating. 
Single compartment. Simplex. Macomb bodies 
and other designs. No valve. 
————Two-compartment. Duplex. Switchable; with 
valve integral. Valves disc type or plug type. 

With DISC Type switching valves (two), with globe 
seats. Rising spindles, outside screw and yoke. One valve 
controls outlets of the two compartments; other valve 
controls their inlets. With or without Chain Interlock on 
the two valves. 

With PLUG Type switching valve (single plug). With 
Jack in yoke to liftand seat plug. Any turning movement 
of plug controls simultaneously the inlets and outlets of 
both compartments. Also made for remote control. 

BASKETS. Styles supplied in strainer bodies: 
Bucket type. Side-inlet type. Perforated. Mesh. Single 
wall. Double-wall separable. Designs to be wrapped. 


Protectionof: 
Close Bearings: 
in Machines, 








WHEEL Type Strainers 


For Water. (Fresh or Salt. With or without Sewage 
Contamination). Rotary. Continuous flow. Backwash 
pressure and volume are independent of main stream, 
Wash boxes are at both sides of grid wheel. Backwash flow 
can be adjusted to quantity of dirt to be washed from grid. 
Rotating element is completely of stainless steel. Strains 
through triangular openings in revolving grid. Openings 
have inscribed-circle-diameters 0.031” to 0.125”. Strainer 
sizes for 600 to 25,000 gpm net strained stream. 








VALVES 


Duplex Threeway (6 connections) ; for pressure line. 
Single plug. Jack in yoke lifts and seats plug. Connections 
are: main inlet; main outlet; outlet to circuit A, inlet from 
circuit A; outlet to circuit B, inlet from circuit B. Also 
made for remote control. 

———tThreeway (3 connections). Disc type; globe seats. 
Outside screw and yoke. Angle stem. Position of stem end 
indicates flow direction. 

For Constant Pressure on Varying Flow. To keep 
pressure constant* in pipes from which the flows at points 
of use may vary sharply or be closed completely; (*constant 
within limit set by the input). Automatic. By sensitive 
continuous release of surplus.” 





For promptness, thoroughness, accuracy of service; 


we request :—In first communicatior® order or inquiry, relating to 


any item of equipment, please describe, as completely as possible, the situation in which it is to be used. 


ANDALE Company 





1768 amis Street, peran -3, Pa. 


Telephones : Philadelphia-LO-7-6830 
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Leaders in Pipe Line 


Construction 


Installation of Major Transmission Line By a Hallen Co. Crew 


THE HALLEN COMPANY, INC. 


STEEL ERECTION RAILROAD & INDUSTRIAL 
BRIDGES & STRUCTURES air MAINTENANCE & REPAIR 
PIPE LINES =! SPECIALIZED FABRICATION 
HORIZONTAL EARTH BORING SNA ) METERING STATIONS 


45-30 THIRTY-SEVENTH STREET 
LONG ISLAND CITY 1, NEW YORK 
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Ww. GAS: TO: CLE “an GAS TO FOG 


] Here’ s the team that knocks 
maintenance costs for a loop! 


BLAW-KNOX GAS CLEANERS PLUS BLAW-KNOX OIL FOGGERS 


Remove even the smallest dust 7 Produce a stable oil fog throughout 
particles. the lines. 


Wet down existing dust and scale 


Insure your customers of a con- 2 
deposits. 


tinuous supply of clean gas. 

Protect company against costly 3 Moisten leather diaphragms, and 
service complaints due to dust in ; sy" ki 

the Vine jute-joint packing. 


Minimize eroding of regulators, 4 Coat inside of pipe with protective 
valves, compressor parts and meters. oil film. 


Insure lower transportation and 5 Prevent loss of odorant from reac- 
distribution costs. tion with pipe scale. 


We can give you the facts and figures to prove that you cannot afford dirty 
gas. Twenty-five years service to the Gas Industry, plus continuing research, 
show conclusively that operating and maintenance expenses due to pipe line 
dust cost more than the installation of Blaw-Knox Gas Cleaners and Oil 
Foggers ... For interesting and convincing data on this important subject, 
write for our latest BULLETIN—NO. 2353. 


IBLAW-KNOX ¥§ é 























Units are giving excellent wide range 


performance in Gas Booster Service 


To meet increasing peak loads in the Bay Area, 
two Ingersoll-Rand Turbo-Blowers were installed 
two years ago by the Pacific Gas & Electric Co.— 
one at the Potrero Station in San Francisco and 
the other just across the Bay at Station B in 
Oakland. 

These I-R Blowers (rated at 30,000 and 12,500 
cfm respectively) are being used to expand the 
company’s intermediate pressure system. Their 
installation was primarily an economic measure 
since they are used as substitutes for additions 
which would otherwise be required in the high 
pressure 50 to 60 psig system. 

Both Ingersoll-Rand Blowers are giving excel- 
lent service and the station operators are par- 
ticularly pleased with their ease of starting and 
regulation. Although rated 18 psig at 4500 rpm, 


the machines operate satisfactorily at any point 
on the curve down to 1500 rpm and 1.5 psig. 

For year round dependability and wide range 
performance you can depend on Ingersoll-Rand 
Blowers for Gas Booster service—or any other 
blower application. Your I-R representative will 
be glad to help you select the equipment best 
suited to your particular air and gas handling 
requirements. His long experience in this spe- 
cialized field may help you reduce costs all along 
the line. 


I-R gas booster at Potrero 
Gas Station of Pacific Gas 
& Electric Co. Four-stage 
unit is driven by a 2,395 
hp turbine at 4,500 rpm. 


Co 





I-R 3,370 sq. ft. surface 
condenser at Potrero Sta- 
tion serving the I-R Turbo 
Blower and other equip- 
ment. ‘ 





Ingersoll-Rand 


COMPRESSORS @ AIR TOOLS © ROCK DRILLS © TURBO-BLOWERS © CONDENSERS © CENTRIFUGAL PUMPS © DIESEL AND GAS ENGINES, 
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Another <T{TAn- First... 
TITAN TANKMASTER 


WATER HEATER CONTROLS 





TITAN TANKMASTER is supreme among 
water heater controls. Engineering perfec- 
tion combined with precision production 
have created a control that is SIMPLE, SAFE, 
SURE AND ECONOMICAL IN GAS CON- 
SUMPTION. Features include—Precision ma- 
chined metal to metal valve and seat — 
Larger capacity —Improved Snap-Action 
mechanism with true snap-action from full 
close to full open and vice versa — Accurate 
thermostatic contro! — Safe lighting — 100% 
Safety pilot — AGA Listed — Furnished with 
er without pilot gas filter— and NOW 
Electro-Tin Finish. * 


Both Brass and Electro-Tin Finish TITAN 


TANKMASTERS are available in complete 
Installation Kits as illustrated below. 


*Slight Extra Cost 


Always first in 
PERFORMANCE... 
Now first in APPEARANCE! 


With ELECTRO-TIN FINISH, TITAN TANKMASTERS have oa 
strikingly new and thrilling beauty, easy upkeep and a trim 
and sleek style that blends harmoniously with gleaming 
snow white modern water heaters and home decor. . 








Since water heaters are now prominently placed in utility 
rooms and kitchens this improved appearance is a MUST. 


Other Electro-Tin Finish advantages are — Its resistance to 
tarnish because it resists atmospheric fumes . . . It reduces 
. . . With the variety of 
chemicals in water in various parts of the country this 
protective coating prevents chemical reaction and assists 
as a safeguard to health — like the tin coating on a food 
container. 


rust and corrosion to a minimum 


Insist on Titan Tankmaster Controls with Electro-Tin Finish 
. . . They are backed by a 20-year tradition of precision 
craftsmanship . . . Made for use with Natural, Manufac- 
tured and Bottled Gas. 


THE TITAN VALVE & MANUFACTURING COMPANY 
9913 ELK AVENUE + CLEVELAND 8, OHIO 
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HAUCK MANUFACTURING CO. 
142-152 TENTH STREET, BROOKLYN 15, N. Y. 


Sales Engineering Offices in Boston, Chicago, Cleveland, Philadelphia, Pittsburgh 
and San Francisco. Representatives in Other Principal Cities 


Manufacturers of Gas and Oil Burners and Equipment 
for Industrial Furnaces, Ovens, Air Heaters, Boilers, etc.— Combustion Engineers 








Low Pressure Air-Gas 
Proportional Mixers 


Made for single valve control with 
automatic proportioning of air and gas 
to any desired ratio. Ideal for manual 
or automatic firing control applica- 
tions. Catalog 805A. 


High Pressure 
Gas-Air 
Inspirators 


Utilize gas at 1 to 30 lbs. pressure to inspirate the air required for 
combustion. Wide range of gas capacity with constant gas-air ratio 
is obtained merely by controlling the gas pressure with a single 
valve. Catalog 806A. 


High Pressure 
Air-Gas 
Boosters 


For high temperature applications with low pressure gas. Use 
small amount of high pressure air to inspirate atmospheric air, 
mixing the air and gas simultaneously. Catalog 806A. 


Sealed-in Gas Burner Nozzles 


For installations requiring a constant atmos- 
pheric condition, these nozzles provide high 
combustion efficiency. Eliminate uncontrolled 
air infiltration and induced air at the nozzle 
outlet. Catalog 807. 


Tunnel Gas Burners 


Assembled units of sealed-in burner nozzle, 
refractory combustion tunnel and burner 
mounting box. Eliminate ramming of re- 
fractory tunnels; easy to install; equipped 
with openings for pilot lighting and flame 
rod. Available with or without mounting 
flange. Catalog 807. 


“Retain-a-Flame” Burner Nozzles 


For blast firing gas mixtures into an open port or 
without a combustion chamber, Hauck “Retain-a- 
Flame” Nozzles, straight or elbow types, operate 
with minimum turbulence in main stream for long, 
cylindrical torch flames. Catalog 804-C. 


Adjustable 
Flow Valves 


Permit infinite variety 
and range of flow 
curves for controlling 
gas or air at any 10 
adjusting points, to suit 
different constants in pressure, suc- 
tion or discharge, at any capacity. Made 
in straight thru or angle types. Valve may be used singly or in 
dual or multiple interlocked arrangements, for automatic control. 
Shown are dual assembly with control motor and a single straight 
thru type valve with snap connection. Catalog 713. 


Oil Atomizing Inserts 
for Gas Burners 


For standby firing with oil, 
when gas is in short supply. 
Easily installed in nozzles or 
tees of many high or low pres- 
sure gas burners. Equipped with 
self-clean metering, micro-con- 
trol oil valve. At left—Insert 
installed in Hauck elbow type, 
“Retain-a-Flame” gas burner 
nozzle. Catalog 715. 


Combination Gas and Oil Burners 


Burn either fuel with equally 
good combustion and efficiency 
in a wide range of capacity. In- 
stant switching of fuels with- 
out any changing of burner 
parts or piping. Single lever reg- 
ulates and automatically pro- 
portions the flow of both air 
and gas or oil. Burners also 
available with individual con- 
trol valves for fuel and air. 
Catalog 408-A. 





OTHER HAUCK PRODUCTS 


Rotary Radiant Gas Burners, Low and High Pressure Oil 
Burners, Micro-Control Oil Valves, Fuel Oil Tank Suction 
Heaters, Oil Preheaters and Assembled Oil Heating-Cir- 
culating Units, Burner Mounting Plates and Brackets, 
Pumps, Oil Strainers, Automatic Shut-Off Valves, Oil Heat- 
ers, Temperature Regulators, Thermometers and Pressure 
Relief Valves. Gas or Oil Torch Burner Equipments of all 
types for heating and repair work, lighting coal fires, melt- 
ing, thawing, etc., Melting Kettles for tar, asphalt, lead, 
compound, etc. 
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Nothing is left to chance at Pipe Line Service 
to give customers uniform, high quality pi 
How PRECISION wh cathy All equipment py She 
oped by PLS engineers for maximum efficiency 
EQUIPMENT and economy in cleaning, priming, coating 
Gives You More and wrapping. 

Typical of the precision techniques employed 
For Your Money is bs opt iol anil i Macias 
in PLS Controlled here. The pipe is propelled by positive-drive 
rm . units which control the forward spiral movement 
Pipe Protection of the pipe through the coating machine. This 

insures uniform lap of wrappers at all times. 
Precision equipment like this is operated by 
trained personnel inside our plants to avoid 
delays caused by weather conditions. These 
factors add up to PLS controlled service which 
gives you more for your money in pipe protection. 








PIPE LINE SERVICE CORPORATION 


General Offices and Plant « Franklin Park, Il. 


PLANTS AT: GLENWILLARD, PENNSYLVANIA; LONGVIEW, TEXAS; CORPUS CHRISTI, TEXAS; HARVEY, LOUISIANA; SPARROWS POINT, MARYLAND 
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RESEARCH CORPORATION 


Plant: Bound Brook, New Jersey 


‘RANCH OFFicrs: 405 Lexington Ave., N. Y. 17, N. Y.+ Grant Building, Pittsburgh 19, Pa. + 122 So. Michigan Ave., Chicago, Ill. 





The COTTRELL PROCESS of Electrical Pre- 
cipitation for Detarring Manufactured Gas 


Cottrell Electrical Precipitation Equipment has established it- 
self by its successful performance record in the Gas Industry 
as a standard means of detarring gas which claims the confi- 
dence of engineers and executives seeking maximum results at 
minimum costs. Over 300 installations of this equipment are in 
use in carburetted water gas plants and by-product coke oven 
gas plants handling a total of over 3% billion cubic feet of gas 
per day. 


Equipment Used for Detarring 


The precipitator for this service is usually constructed with a 
cylindrical shell in which are grouped collecting electrode pipes 
either 6” or 8” in diameter, depending upon the size of the unit, 
through which the gas passes. These precipitators are con- 
structed in a number of different sizes so that any gas cleaning 
capacity may be obtained by utilizing one or more of these 
standard size units. 


In the operation of the precipitator, the tar and oil, which is 
suspended in the gas as a fog or mist, is driven out of the gas 
by the electrostatic action and collects on the inside surfaces 
of the pipes. The collected tar and oil being free flowing, flows 
readily from the pipes so that the precipitator is self cleaning. 
The electrical power consumed in the operation of the precipi- 
tator is small, averaging 5 to 8 Kw hours per million cubic 
feet of gas cleaned, and the pressure drop across the precipitator 
is only 4” to 4%” H.0. 


Carburetted Water Gas 


In carburetted water gas plants the precipitator is usually lo- 
cated after the exhausters so that the gas is handled at a pres- 
sure range from 1” to 3” Hg and at a temperature range from 
70°F. to 125°F. at the inlet to the precipitator. Actual tests show 
removals ranging from 95 to 99% of the tar, oil and entrained 
water with a pressure drop of less than a quarter of an inch of 
water across the precipitator. This effective tar removal has 
greatly improved and reduced the cost of subsequent gas puri- 
fication. Where dry purification is used the elimination of the 
tar ahead of the purifier has increased the sulphur conversion, 
— the fouling of the oxide and eliminated caking of the 
eds. 


Exterior and 
Interior Details 
of Typical 
3 Unit 
Detarring 
Precipitator 
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By-Product Coke Oven Gas 


The precipitators for coke oven 
gas in some instances are located 
ahead of the exhausters while 
in other instances they are lo- 


cated after the exhausters so 





that pressure at which the gas is 
treated will range from 1” Hg 
suction to 3” Hg pressure. In 
all cases the precipitator follows 
coolers so that temperature 
from 70°F. to 125°F. 
These units show tar removals 
ranging from 95 to 99%. As a 
result there is less contamina- 
tion of the sulphate, less foul- 


ranges 

















ing of the circulating liquor in 
the light oil recovery towers, and 
less difficulty in the distribution 
and utilization of the gas. 


Small Gas Plants 


A Cottrell Precipitator Unit (shown above) is particularly 
suited for the small gas plants with capacities ranging from 
500,000 to 2,500,000 cubic feet of gas per day. The electrical 
equipment for this unit is placed in a steel shell which is fabri- 
cated integrally with the precipitator shell. The entire unit is 
shipped completely assembled ready to be placed upon the 
foundations. As a result Cottrell Equipment can now be offered 
that will satisfy the space limitations and economic require- 
ments of the small gas plant. 

















How Lincoln Arc Welding Cuts Construction 
and Maintenance Costs 


ANY gas companies are extending the cost- 
saving benefits of arc welding to the construc- 
tion and maintenance of gas transmission lines and 
all types of processing equipment with Lincoln arc 
welders. Low in cost and unusually simple to operate, 
Lincoln welders are preferred everywhere for their 
dependable performance and versatility to handle 
a wide variety of repair and construction work on 
all types of metals. 


Lincoln DC arc welders are available in 200, 300, 
400, 600, and 900 amp capacity. Rubber-tired under- 
carriages can be provided for towing. All engines 
and generators are completely enclosed in canopies 
to afford maximum protection from weather. 


Lincoln AC welders are furnished in 200, 300, 
and 500 amp sizes. Faster, simpler AC welding is 
assured with Lincoln’s famous “Arc-Booster” that 
starts the arc automatically each time the electrode 
touches the work. 


Lincoln Electric provides complete welding serv- 
ice on any arc welding problem. World-famous 
Lincoln electrodes are available to satisfy practically 
every welding need, producing highest quality 


Fig.1— Arc welding fifteen hundred foot 8" gas line extension line 
Jor the East Ohio Gas Company. Pipe ends are bevelled ana butt 
welded with three passes of ‘“Fleetweld 5” electrode. Photo courtesy 
Hattendorff-Bliss Co., Euclid, Obio. 


welds at lowest cost. Factory-trained welding spe- 
cialists are stationed in every principal city the world 
over to recommend proper equipment and assist 
with welding procedures. Consult your telephone 
directory for your nearest Lincoln office or Weldealer. 


Fig. 2—"Fleetwelder 
200 AC". Lincoln, low 
priced, 200 amp AC arc 
welder with “Arc - Boost- 
er’’, Operates on single 
phase current. Mounted on 
wheels for portability. 


THE 


Fig. 3—200 amp electric 
motor driven Lincoln 
"Shield-Arc Jr."” DC arc 
welder, portable model. 
Available for AC power 
supply, 2 phase or 3 phase. 


Fig. 4— 200 amp engine driven 
"“Shield-Arc” DC Lincoln portable 
model with two-wheel undercar- 
riage shown. Has patented idling de- 
vice to save fuel,oil and engine wear. 


Fig. 5—200 amp Lincoln "‘Shield- 
Arc Jr." DC, air-cooled engine 
driven arc welder. Compact in con- 
struction for simple transportation 
on light pick-up truck or on 2-wheel 
undercarriage. 


LINCOLN ELECTRIC COMPANY 


The World’s Largest Manufacturer of Arc Welding Equipment 
Cleveland 17, Ohio 


Branch Offices and Field Service Shops in All Principal Cities 





American Gas Journal, October 1, 1953 





NORTON 


Refractories 


Engineered 
and 
Prescribed .. . 


CRYSTOLON* 
checker brick 
for your oil- gas 
generators 


Here’s a Norton R — a time-tested 
“Refractory Prescription”—that will 
do a lot towards increasing both the 
daily gas make and the service life 
of your oil-gas generators: Use 
CRYSTOLON checker brick. 

Like all Norton R Refractories, 
CRYSTOLON checker brick is care- 
fully engineered for its particular 
jobs. That’s why its high refractori- 
ness and abrasion resistance, plus 
quick storage and release of heat, 
offer such big advantages in your 
checkerless reactor type equipment. 
For example: longest service with 
least possible spalling and breaking 
up —and fewest shutdowns for in- 
spection, repairs or replacements. 

Put These Advantages To 
Work For You! For top gas make at 
lowest cost, get complete details on 
CRYSTOLON checker brick from 
your Norton Representative. Or write 

rect to Norton Company, 501 New 

nd St., Worcester 6, Mass. Cana- 
dan Representative: A. P. Green Fire 
trick Co., Ltd., Toronto, Ontario. 


REACTOR REACTOR 


CRYSTOLON CRYSTOLON - 


CRYSTOLON 
5 TO 6 COURSES 


CRYSTOLON 
STOG COURSES 


Mi fifi 


Above: Key locations where crystoton checker brick aids oil-gas generator per- 
formance. 


And These NORTON RY Refractories Cut Costs Too... 


CRYSTOLON Brick for Water Gas Generators, Cross Overs, Carbura- 
tors and Checkers 

For these applications CRYSTOLON brick — in circle brick, special 
circles and straights — have proven highly successful. Also where heat or 
abrasion resistance is important — as in some spots in carburators and check- 
ers in water gas operations — CRYSTOLON brick insures low cost operation. 


ALUNDUM Plates for Hasche and Wulff Generators 
High purity ALUNDUM Plates (99% or over Al20s) are the best obtain- 


able for use in the Hasche process for gas reforming or hydrocarbon cracking. 
This is true too in the Wulff process acetylene and ethylene generators. 


ALUNDUM Catalyst Carriers for Gas Reforming 

ALUNDUM (alpha alumina) Catalyst Carriers are being used extensively 
for nickel impregnation in gas reforming. Their strength, uniformity (of 
structure and size) and inertness make them outstanding for applications of 
this type. 


CRYSTOLON Cements for Installation and Patching 


For patching or for new installation in places where it is difficult to install 


brick, CRYSTOLON cements, 


highly recommended. 


including a new air setting cement, are 





*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 
Gdlaking better products .. 


to make other products better "NO RTO NW 
R REFRACTORIES 
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HOT CAUSTIC DIP removes all cutting oil and grease. 
Pipe is then rinsed in clear, hot water and dried in warm- 
ing room. Throughout Hill, Hubbell process, pipe is kept 
at 80-90° to prevent moisture condensation. 


ROTO GRIT BLAST removes all mill scale and rust, 
cleans pipe to bare, bright metal, provides a slight “tooth” 
to hold coatings in positive bond. Priming coat is applied 
immediately after Roto Grit Blast. 





SECRET of Hill, Hubbell superiority is applying enamel 
in multiple 4” coats instead of one thick coat—pipe pro- 
tection insurance that pays off in the field. Then pipe is 
tightly wrapped under even tension by special machines. 


ELECTRONIC holiday detectors inspect every length of 
pipe before it leaves a Hill, Hubbell plant—further insur- 
ance that coatings have dielectric strength to resist elec- 
trochemical corrosion underground. 


THREE HILL, HUBBELL PLANTS TO SERVE YOU: 


GIRARD, OHIO LORAIN, 
~ 


in the Youngstown 
Switching Zone 


OHIO HAMMOND, IND. 
i, 


Chicago Switching Zone 
(in transit privileges) 


Poe Pace 
is 


Headquarters: 3091 Mayfield Road, Cleveland 18, Ohio ae 
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POSEY IRON WORKS, INC. 


STEEL PLATE DIVISION 


LANCASTER — PENNA. 


NEW YORK OFFICE * GRAYBAR BLDG. 





POSEY PRODUCTION FACILITIES Save You Money on POSEY PRODUCTS 


a railroad and highway center—tht 


Located in Lancaster, Pa. 
Nearly always, it must be “tailored” for the individual user. That’s modern plants of the Posey Iron Works cover an area of 16% acres 
under roof. Feature of recent expansion has been the addition of 


Steel plate construction for gas storage is seldom “standard.” 


y Posey believes that specifications and dimensions of past in- 
modern equipment. Some of this equipment is pictured below. De- 


tailed information about Posey plant and equipment is available in 


stallations mean less to gas plant engineers than the answér to the 


stion: “Have they the production capacity and the equipment 
sent free on request. 


que 


) do my job economically and to deliver it on time?” an illustrated 12-page bulletin 


Posey stainless clad digester is shown mounted on truck en 


32-foot roll bending steel plate. This roll is one of the new 
equipment units in the North Plant which covers 13% acres route to user. 13’ O.D. x 40" long. 





The Posey Iron Works fabricates storage tanks up to all 
capacities. All standard codes are met with adequate allow 


easy 
ance for safety factors 


This 50-ton crane (27-foot headroom) allows quick, 
handling of sizeable units like the horizontal tank show 


Elevated tanks designed ... fab- 
ricated ... erected in all capaci- 
ties up to maximum. 


Giant lathe—16' length by 94" diameter—gwes the 
Posey Iron Works an edge on large jobs requiring 
lathework 

IROQUOIS SHIPBUILDING STEEL PLATE 


DI SIONS: BRICK MACHINERY FOUNDRY HEATING 
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The dependable name for 
Gas Utility Bodies 


There are Holan body models for every type of 
gas construction, maintenance and service work. 
They have the latest engineering features that help 
your crews operate more efficiently. 

The wide selection of Holan standard body mod. 
els eliminates, in most cases, the necessity of order. 
ing expensive special body models. 


CL-112 Light Gas Construction and 
Maintenance Body 


1051 Gas 
Construction Body 





1090 Meter 
Service Body 


1563 Compressor Body 


FOR THE GAS INDUSTRY 
HOLAN UTILITY EQUIPMENT 


Gas Construction Bodies (with or 
without crew compartments) 

Air Compressor Bodies 

Crew Carrier Bodies 

General Service Bodies 

Gas Meter Installation Bodies 

Appliance Installation Bodies 

Winches and Power Take-offs 





j. H. CORPORATION 
Distributors MOBILE EQUIPMENT FOR PUBLIC UTILITIES 


BAKER EQUIPMENT ENGINEERING CO. 4100 West 150th Street « Cleveland 11, Ohio 


Charlotte, N.C. * Columbia, S. C. 
Richmond, Va. 








District Sales Representatives 

6-03 161st Street, Beechhurst, Queens, New York ¢ 201 S. El Camino, San Mateo, California 

SCHETKY EQUIPMENT CORP. 2754 N. 92nd Street, Milwaukee 10, Wisconsin ° 863 Wilson Drive, New Orleans, Louisiana 
Portland, Ore. Export Representative 


COPPERWELD STEEL INTERNATIONAL « 117 Liberty St., New York 6, N.Y., U.S.A. 
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CRUSE-KEMPER COMPANY 


AMBLER, PENNA. 


GAS HOLDER BUILDERS 


Inspection—Repairs 


PURIFIERS — TANKS — FLUES 


50 Years of Sound Steel Plate Construction 














IRON SPONGE ATU CONTROL 


for high efficiency 
gas purification 
at high pressures 





Iron Sponge is your key to sulfur-free gas 
at minimum processing cost. Iron Sponge 
has high efficiency at low pressures 

or at today’s high pressures and high 
temperatures. It absorbs more HS, gives 
long service between foulings, and is easily 


regenerated. Investigate it for your 





purification problem today! 


3154 S. California Ave., Chicago 8, Illinois 
Elizabeth, N.J. °* Los Angeles, California 
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provides two features 
—no time lag 
—low cost 


the BTU CONTROL, is a recent 
addition to the caloroptic line! _ 
Designed to provide modulated 
control for your motorized 

valve by varying the BTU up 
and down . . . thus maintaining 


the proper standard. 


CONNELLY, Jac. 


Elizabeth, N. J. * Los Angeles, Calif. 
3154 South California Ave., Chicago 8, Ill. 




















Precision Meter Repairs with Maximum Efficiency 


Minimum Repair Time 
Means Maximum 
Dollar Savings 


<— Meter Front and Back 
Removing Machine 


This machine removes the front 
and back from gas meters in a 
fraction of the time previously re- 
quired thus facilitating repair of 
diaphragms. Two models avail- 
able—5 light meter and 10 light 
meter capacity. Both models are 
adjustable to most makes of me- 
ters and feature additional safety 
devices to protect the operator. 


Meter Top and Valve Box 
Cover Removing Machine > 


This machine facilitates the re- 
moval of meter tops and valve box 
covers to minimize the time-con- 
suming problems of meter repair 
operation. Available in 5 light 
meter and 10 light meter sizes, 
both adjustable to most makes of 
meters. Both models feature de- 
vices for the safety of the operator. 
wuunufactured under Consolidated Edison Company of New York, 


Inc. Patent Number 2,342,045. Application development assist- 
ance by Public Service Electric and Gas Company of New Jersey. 


THE J. P. GLASBY MFG. CO. inc. 


BELLEVILLE 9, NEW JERSEY — Manufacturers of Glasby Conversion Burners and Furnaces 














“100K 


MALLINCKRODT ETHYL MERCAPTAN PURIFIED 


the powerful, skunk-scented gas odorant that gives you extra safety and savings 


UNMISTAKABLE WARNING —the penetrating, skunk-like odor of Mallinckrodt Ethyl Mercaptan gives 
instant warning of the smallest gas leak 


SAFE FOR YOUR EQUIPMENT — it's purified te make it safe for even the most delicate valves and gauges 
NO HARMFUL PHYSIOLOGICAL EFFECTS —when breathed in normal concentrations, Mallinckrodt Ethyl! 


Mercaptan causes no injury to eyes or mucous membranes 


CONCENTRATED ECONOMY — just one pound will odorize a tankcar of LP or a million cubic feet of 


natural gas 


EASY TO ADD—without expensive additional equipment, Mallinckrodt Ethyl Mercaptan can be easily 
added to your gas by either drip, absorption or by-pass 


For more information, write to: 


MALLINCKRODT CHEMICAL WORKS 


Mallinckrodt St., St. Louis 7, Mo. 72 Gold St., New York, 8, 'N. Y. 
CHICAGO CINCINNATI CLEVELAND LOS ANGELES MONTREAL PHILADELPHIA SAN FRANCISCO 


Manufacturers of Medicinal, Photographic, Analytical and Industrial Fine Chemicals 
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REYNOLDS PRODUCTS A tne NRW 6OOED 


144” to 3” Screw Con- 
nections 

3” to 8” Flange Con- 
nections 

Wing Valves 

Choice of “O” Ring of 
Leather Seats 


High Pressure Service House Regulators: 

Straight Lever Type—Models 10-20 Series. 

Toggle Lever Type—Model 30 Series 

Low Pressure Service or Appliance Regulators 
Intermediate Pressure Regulators 

District Station Regulators, Double Valve 

Auxiliary Bowl & Automatic Loading Device Optional 
High Pressure Line Regulators 

Toggle Type Regulators m 
Single Valve, Double Valve 0 | 
Gas Engine Regulators | 
Seals: Dead Weight or Mercury 

Relief Valves: High or Low Pressure. 

Back Pressure Valves. 

Automatic Quick-Closing Anti- Vacuum Valves 
Automatic Shut-Off Valves. 

Lever Operated Valves. 

Louver Operated Device 

Atmospheric Regulators 

Vacuum Regulators 


VAAL 





—— = 


REYNOLDS GAS REGULATOR CO., Anderson, Indiana, U. S. A. 


Representatives: H. D. “Mike” Meuffels Seidenglanz & Co Eastern Appliance Co Waldo S. Hull 
421 Dwight Building 2nd Unit, Santa Fe Bldg 281 Vassar Street 258 I 


ze Circle 
Kansas City, Missouri Dallas, Texas 


Cambridge, Mass. Bryn Mawr, Pa. 























LAVA AND 


ASM AG 
GAS TIPS 


Industrial Gas Burners . . . PHot Tips 
Radiant Burner Heads... Carbon 
Black Tips 
For All Combustible Gases 








® ILLUSTRATED (at left) are only a few of 
the many hundreds of types of burners 
produced. Standard designs or custom 
made to your specifications. Hard, strong, 
non-carbonizing, non-corrodible, long last- 
ing materials. Quality proved by more than 
50 years of practical experience. Engineer- 


: 2 Sa a ing collaboration gladly extended. 
52ND YEAR OF CERAMIC LEADERSHIP 


AMERICAN LAVA CORPORATION, a P-Wae-\, (oleic? Wawa d a, 1.1 2)) 4: 
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Dig ‘em and fill’em 
with CLEVELANDS 


The Cleveland “Baby Digger” Model 95 is making short work 
of cutting trench for a gas main extension under good digging 
conditions in Minneapolis. Even greater savings were effected 
by the 95 during severe winter digging conditions. 





Here, a Cleveland Model 80 is speedily and cleanly back- 
filling the trench shown in the top picture. The 80 is also 
an excellent pipe layer. When job conditions require back- 
fill compaction, the 80 does an outstanding job with no 
additional men or equipment necessary. 





Tae | 
CLEVELAND TRENCHER CO. 


Pioneer of the Vodern Trench r 
20100 ST. CLAIR AVENUE ¢ CLEVELAND 17, OHIO 

















has supplied hundreds of 
installations for the gas 
industry all over the world 


Consult GIDCO 
for BAMAG’s 
processes 

and equipment: 


New improved Alkacid 
plants for recovery of hy- 
drogen sulfide and carbon 
dioxide from industrial and 
natural gases 


New improved Claus plants 
for recovery of elemental 
sulfur 


Winkler and other types of 
generators for gas genera- 
tion from coal 


Special Bamag tubular gas 
coolers 


Hydrogen sulfide scrubbing 
with active carbon 


Main equipment and ac- 
cessories for gas utility 
companies 


Complete water purifica- 
tion and treatment instal- 
lations 


GENERAL INDUSTRIAL 
DEVELOPMENT CORP. 


270 PARK AVE. 
NEW YORK 17, N. Y. 
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NEW GAS APPLIANCES 





Hot water heaters 

Designed for residential, commercial 
and industrial hot water heating, this gas 
fired, automatic unit is available in 








t 


2-burner cabinet, and 1-burner round 
models. The 2-burner unit is equipped with 
2 double copper coils, circulating water 
pump and automatic controls which are 
preassembled at the factory. It has an 
input ratmg of 90,000 Btu. The 1-burner 
round model, made to specifications and 
on special order only, is a light-weight 
unit, equipped with 1 double copper coil 
and automatic controls. It is ideal for 
mounting on wall brackets, the manufac- 
turer reports, or it may be suspended 
from the ceiling. It has a 45,000 Btu input 
rating. Both systems are said to be suitable 
for single or multiple installations, and 
are recommended for plans requiring ra- 
diant panel heating, baseboard, convector 
or modern radiator hot water heating. 
Shown here is the 2-burner cabinet heater. 

Rex Models 280-HH and 180-HH. The 
Cleveland Heater Co., 2310 Superior Ave., 
Cleveland 14. 


Forced air furnaces 

Three new models of gas fired forced 
air furnaces with input ratings of 75,000, 
95,000 and 120,000 Btu’s have been added 


he manufacturer's line. All models are 
A approved for use with natural, mixed, 
anufactured, LP and LP-air gases. The 
maces, all with single port upshot 
mers and centrifugal blowers, are said 
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HERE’S HOW MmIpANPIERCOyANIE 


HAS STOOD THE TEST OF TIME 
TO SOLVE CORROSION PROBLEMS 


PECOATED 


— Inspection of TA 
o sign of 


+) {ele) J (Underground) ound service showed 0 


f undergr 
oints after 10 years © wl gehen 
ssnatate when the TAPECOAT was ren ove 


ing) 


a Expense 
an 


¢ d dry Condition 
ince 
1944 by Ceating w th 


and 
S at 


der 
f an un 
>-laying °o 
gn showed that TAPE 
s r 
orrosion and 


pROOF 


water pipe line | 
a 


PROOF (4:0, 


“ag TAPECOAT-protecteq in 
OF attention an 


TAPECOA TED 


e 
9round)—A 94S line at a 


1944. The 
? Of servic 


bridge crossing 
re has been NO need 


tT) /nterruptior es 
nce the 


Pipe was 


Actual experiences like these 
show what TAPECOAT coal tar ° 
protection can do for you. 


Use TAPECOAT to combat cor- 

rosion above or below ground 

on gathering lines, transmission 

lines, meter stations, compressor 
stations, distribution lines, pipe joints, bolt-type couplings, 
fittings, large bends, large diameter pipe, insulated lines, 
tanks, and other surfaces subject to corrosion. 


Write for descriptive brochure and prices 


The TAPECOAT company 


Originators of Coal Tar Tape Protection 


1529 Lyons Street, Evanston, Illinois 
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to have leakproof joints, heavy gauge steel 
heat extractors and steel liners, and re- 
movable panels to permit easy access to 
burner, controls and blower. The manufac- 
turer reports the units may be used with 
conventional air handling systems and the 
company’s small duct system. 

Coleman H Series. Coleman Co., Inc., 
Wichita, Kans. 


Recessed heating units 

Recently introduced, at the company’s 
annual sales convention, this line of re- 
cessed heating units features an added 
warm air grill. The manufacturer claims 
that the added grill increases the amount of 
radiant heat. The units are available in 
25,000 Btu input single wall and 50,000 


ODORIZER 
UNIT 


The Peerless Type ‘‘MP” 
Odorization Unit has been 
designed to provide a com- 
plete odorization setup which 
is easily installed. This odorizer 
utilizes the Patented Peerless 
principle of liquid odorant 
injection. 


LOOK AT TH 


Btu input dual wall models. The units are 
for natural, LP and mixed gases. 

Recessed Heating Units. Empire Stove 
Co., Belleville, Ill. 


Twin air conditioner, forced 

air furnace units 

The manufacturer’s new year-round 
home air conditioning twins, using gas or 
oil burning heating units, may be installed 
together or separately. Installation of the 
heating unit may be followed by the cool- 
ing unit, without adding ducts or making 
other alterations. Separate blower systems 
in each of the twins are said to assure 
proper delivery of air for both heating and 
cooling, provide for better dehumidifica- 
tion control, and prevent overloading the 


iw 
ili 


ESE ADVANTAGES a 


e Accurate proportioning of odorant into line. 
e Safety tank built in. Cannot flood. 
e Leakage is eliminated since all welded piping 
and packless valves are used. 
e It occupies a minimum of space. 
Only one foundation needed. 
e A minimum of piping is required 


for installation. 


e Installation time is reduced. 
e Maintaining odorizer is quite simple. 
Odorizer mechanism easily accessible. 


Peerless Type “‘MP’’ 


Odorizers have 


many more outstanding advantages, 
all engineered to give you the most 
accurate odorizer available. 


PEERLESS MANUFACTURING ico. 


Oo.8oOr 93 2 


DALLAS 


TEXAS * Otsxron- 8431 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 


furnace blower. The air conditioner js 
available in 2-, 3- and 5-ton models featur- 
ing: inlet air opening located for eas) 
connection to return air compartment of 
furnace: cooling coil over inlet air open- 


— 
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ing for even distribution of air flow over 
coil surface; low speed, high capacity, 
rubber-cushioned blower with adjustable 
belt drive, and control panel with finger- 
tip selection of summer cooling or winter 
heating. The gas fired forced air furnace 
models, AGA approved for use with all 
gases, are available in 5 sizes, from 50,000 
Btu/hr input, 40,000 Btu/hr output, to 
175,000 Btuyhr input, 140,000 Btu/hr out- 
put. Convenience features include: finger 
tip igniter for pilot; safety pilot for re- 
lighting burners after interruption of serv- 
ice, and a valve reportedly assuring the 
proper flow of gas to the burner regardless 
of pressure conditions. 

Bryant Command-Aire, Model 590 aii 
conditioner, Model 319 forced air furnace 
Bryant Heater Division, Affiliated Gas 
Equipment, Inc., Cleveland, O. 


Domestic incinerators 

Three models of this new incinerator 
have been introduced by the manufacturer; 
fully automatic 1% bushel and 2% bushel 


capacities and a 1% bushel size, with safety 
pilot, for manual operation. The cylindri- 
cal design of the incinerator is said to pro- 
vide a space-saving feature and, with the 
absence of corners, to assist the inburning 
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rator 
urer; 
ushel 


eration by eliminating clogging. All 
odels are 3742” high and have hydraulic 
ebrick linings subjected to over 2,000°F 

manufacture. The lining reportedly will 
ot rust out, burn out or warp. All controls 
e on the outside. The three models op- 
rate on all gases. Radiation of heat to the 
utside is said to be limited by the fire- 
rick wall, acting as a heat reservoir, and 
heavy insulation. Available in white sili- 
con finish. 

Consum-All. Cribben & Sexton Co., 69 
W. Washington St., Chicago 2. 


Water heater control 


To improve the appearance of the auto- 
matic water heater control this manufac- 
turer now makes the control available with 
, silvery, electro-tin finish that harmonizes 
with the water heater and reportedly makes 
the control an inconspicuous part of the 
unit. The company states that the electro-tin 
finch effers resistance to tarnish and is 


nearly 100% non-corrosive and non-toxic. 
Also, it is reported that this is the first con- 
trol to be furnished with this finish. 

Titan Tankmaster Controls. The Titan 
Valve and Mfg. Co., 9913 Elk Ave., Cleve- 
land 8. 


Wall heaters, air conditioners 

Six basic models—four single wall and 
two dual wall—with input ratings of 25,- 
000 to 55,000 Btu’s are available in the 


The line of packaged, central air con- 
ditioning equipment is said to have a unique 
way of circulating fresh air for both winter 
and summer. The air handling system in- 
cludes ducts 342” in diameter. The system, 
Blend-Air Conditioning, may be installed 
all at once, or as a heating installation to 
which cooling may be added. The cooling 
units are offered in 2-, 3- and 5-ton capac- 
ities and in two different types of packaged 
systems. 

Coleman Blend-Air Conditioner, Wall 
Heaters. The Coleman Co., Inc., Wichita, 
Kans. 


In-a-top broiler and griddle 

Designed for mounting on a wood or 
metal base cabinet, 42” wide by 25” deep, 
the in-a-top broiler and griddle unit fea- 
tures operation from a standing position. 
When mounted on a 28” cabinet, the 8” 


high unit is flush with the standard 36” 
working-height. Two front handles con- 


trol the unit; one handle moving the alumi- 
num griddle to a vertical position while 





POSITIVE PROTECTION FROM 


RUNAWAY PRESSURES! 


NORWALK POSITIVE PRESSURE 


CUT OFF VALVE 


@ Gives automatic shut off when exces- 
sive pressure arises or fire occurs. 


Easily reset to desired cut off pres- 


sure. 


No pressure losses. 


All parts external to gas flow. 
Quickly reset after operation. 


Sizes from 2” to 16”. 


INDUSTRY'S COMPLETE LINE 


Next time you need gas control equipment or engineering advice, 
call on Norwalk. We’ve been helping gas companies and gas users 
with their distribution and control problems for over 70 years. For 
your convenience and quick service, competent engineers are lo- 
cated at 11 convenient factory branches and at our South Norwalk 
plant. 


11 Factory Branches 


LOS ANGELES 
MINNEAPOLIS 
NEW YORK 
PHILADELPHIA 
WASHINGTON 


BOSTON 
CHICAGO 
CLEVELAND 
DETROIT 
PITTSBURGH 


manufacturer’s line of gas-fired wall heat- 
ers. Up to 24 different combinations are 
said to be possible in solving a variety of 
heating problems, through the varying of 
three new features; a three-speed blower, a 
ir register and a heat economizer to sal- 
vage heat from the outer surface of the flue. 
GA approved, adaptable to any kind of 
8, the units feature corrugated combus- 
n chamber, pressed steel burner with 
‘ainless steel ports, and 100% safety pilot. 


SAN FRANCISCO 


Factory at South Norwalk 


NORWALK VALVE COMPANY 


SOUTH NORWALK, CONNECTICUT 
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simultaneously raising the broiler to coun- 
ter level, the second handle adjusting the 
broiler platter position to the flame. Both 
broiler platter and griddle plate are re- 
movable. The unit has automatic lighting 
for all burners, with pull-out trays beneath 
the burners for cleaning. Meat is said to 
be broiled smokelessly without turning. 
Daisy-type cast iron burners are controlled 
by safety push-type valve handles. 

Chambers In-A-Top Broiler and Grid- 
dle. Chambers Corp., Shelbyville, Ind. 


Floor furnaces 


A complete line of four new model shal- 
low type floor furnaces has been introduced 
and the manufacturer reports they are 





available in 25,000, 35,000, 50,000 and 
70,000 Btu input. All units have vertical 
burners. They are for use with natural, 
mixed, manufactured and LP gases. 

Gas Floor Furnaces. Empire Stove Co., 
Belleville, Ill. 


Gas fired furnace 


The Lo-Boy gas fired furnace, compan- 
ion of the Hi-Boy, features Magic-Heet in 
which automatic adjustments of heat input 
and air circulation compensate for chang- 
ing heat requirements. This feature is said 
to “think for the thermostat” by constantly 
taking the temperature of the air, then auto- 
matically adjusting the heat to match the 
degree of warmth required in the home at 


Safety Vault Covers 


for 


Valve, 


Meter, Transformer 


and District Governor Vaults 


Features 


@ One man can quickly raise cover with ease and without 


danger. 


® Cover can not drop into vault or slam to cause injury or 


damage. 


® Cover can be opened from the inside of the vault by one 
man—an added safety feature. 


® Positive tamper proof lock that cannot be opened unless 
key is used. 


® Open cover stands in upright position indicating that 
manhole is open. 

® Unobstructed 30° square opening gives ample room for 
installation and servicing heavy equipment. 

@ Heavy duty for heavy traffic—cast iron frame and ribbed 
steel cover both machined for accurate fit to eliminate 


rattle. 


® Moisture resistant, heavy cast, steel levers and linkage 
with stainless steel pins in “Oilite” permanent oiled 
bronze bushings for long trouble-free service. 

@ Complete counterbalance structure protrudes less than 
6" from the wall. 


Make Fast and Accurate Cuts on 
10” to 48” Cast Iron and Steel Mains 


Features 


@ Minimum Pipe Line down time. 

@ Cuts under water in flooded ditches. 

@ No broken pipe, milled cut. 

@ Thor Air-Powered, no flames near pipe. 
@ Set-up time about 15 minutes. 


© Portable — weighs only 315 lbs. Two men can 


carry and set up unit. 
@ Small excavation—only 16” clearance needed. 
@ One machine cuts all pipe sizes from 10° to 48". 


@ Only two adjustments necessary for size changes. 
@ Cuts 24” pipe in 24 minutes — 36" pipe in 36 


minutes, etc. 


16” clearance between 24” mains 


Write today for descriptive folder and 
engineering data on this new labor 
Saving saw. 














any given time. AGA approved, the unit 
weighs 430 Ibs., is powered by a % hp motor 
and is said to be capable of modulating in 
put from 100,000 Btu down to as low a: 
40,000. Bonnet output ranges from 80,000 
to 32,000 Btu, and register output from 
68,000 to 27,200 Btu. Unit is 43%” high. 

Lo-Boy Model LMD-100. A. O. Smith 
Corp., Milwaukee 1, Wis. 


Incinerator 

This new twin-burner, gas fired inciner 
ator, of 4-bushel capacity, has been designed 
for commercial use and uses natural, mixed. 


toatl een 


000 Btu/hr input. With %” thick steel plate 
combustion chamber, the unit has ribbon- 
type burners with manual push-button light- 
ers and baso-thermocouple valves. The top 
opening is 12” by 18”. The unit is 44” 
high, 28” wide, and weighs 336 Ibs. The 
manufacturer reports that due to the high 
Btu input, combustion takes place rapidly 
with a minimum of smoke. 

Model B-42 Incinor. Incineration Div., 
Bowser, Inc., Cairo, Ill. 


Commercial ranges 

The Dinette gas ranges described here 
are available in black porcelain finish or 
stainless steel finish with cast iron griddle 





raised on aii four sides with opeuimys for 
grease drainage. The units have automatic 
Flex-Heet burners, drip pans beneath the 
top burners and fully insulated oven with 
heat control. The oven rack may be used in 
four height positions, while the porcelain 
oven bottom is removable. Constructed of 
welded steel in flush-to-wall design. 

The manufacturer also offers the Gar 
land 29 series of commercial heavy duty 
ranges which can be connected to form « 
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ttery. Broilers, deep fat fryers, combina- 
tion broilers and griddles, baking and roast- 
g ovens and other attachments may be 
mmbined to form a complete outlay to 
eet cooking requirements. The Garland 


line, from the basic unit which is available 
with open top, fry top or hot top, is so con- 
structed that any number of ranges may be 
manifolded together in a series. The com- 
mercial 29 series is constructed of heavy 
gauge steel, and is said to be easily cleaned 
due to its smooth surface. 

Garland Dinette and Commercial 29 Se- 
ries. Detroit-Michigan Stove Co., Detroit 
31. 


Floor furnaces, circulating heaters, 
recessed heating units 

The new gas floor furnaces introduced by 
the manufacturer are of the shallow type, 
using an improved vertical-type burner. 
They are available in 250,000, 35,000, 50,- 
000 and 68,000 Btu inputs. The furnaces, 
finished in baked-green enamel, are de- 
signed to eliminate expansion and contrac- 
tion noises, the manufacturer states. 

The gas circulator heater line consists of 
the cool-cabinet radiant-type front heating 
discharge models, the standard radiant-type 
top-heat discharge models, and the console 
non-radiant models. All three styles are 


available in 40,000, 55,000 and 65,000 Btu 
inputs. Finished in brown baked enamel, 
the heaters feature serviceability from the 
front without removing front glass panel 
or radiants. 

According to the manufacturer, the new 
gas recessed heating units feature an added 
warm-air grill which increases the radiant 
heat by approximately 30%. The heaters 
are also designed to eliminate expansion 
and contraction noises. 

Empire Floor Furnaces, Circulator Heat- 
ers, Recessed Heating Units. Empire Stove 
Co., Belleville, Ill. 


Gas water heater controls 


A kit with a thermostat, pilot burner, 
thermocouple lead, pilot line, fittings and 
instructions for use on gas water heaters has 

en introduced. This equipment is made 
for use with natural, manufactured or LP 
e2s and is available with a pilot gas filter, 


where desired. The equipment provides a | 
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complete safety shutoff pilot and metal-to- 
metal valve and seat. It was AGA approved 
in a 500 Btu gas test. The capacity is noted 
as 61,500 Btu. Snap-action mechanism from 
full-open to full-closed and vice versa is 
provided. Operating temperatures are said 
to be maintained regardless of gas flow. In- 
dependent adjustments are provided for the 
main and pilot burners. The gas thermo- 
couple and power element can be replaced 
without removing the control from the tank. 

Tankmaster Kit. The Titan Valve & Mfg. 
Co., 9913 Elk Ave., Cleveland 8. 


Table top gas water heater 

This table top water heater has been de- 
signed in recognition of the growing tend- 
ency toward coordination of connected 


appliances for counter-level installation. 
The height to the table top is 36”. The 
width is 24” and the depth 25”. A 4” back 
splash is provided and there is a toe space 
of 3” x 3%”. The heaters are designed for 
operation, as specified, with all fuel gases. 
A master thermostat and master safety 
valve are included as operating controls. A 
main gas valve is part of the equipment. 
The pilot is an integral part of the burner, 
arranged vertically for convenient lighting, 
and the burner is of cast iron. A magnesium 
anode is installed as standard equipment to 
help retard corrosion. Fibreglas installation 
surrounds the storage tank. The table top 
is porcelain. All connections are %4”. The 
tank is described as double, extra heavy 








SERVICE 


**FLUSHALL” 
“SOLVALL” 
**“SEALALL”’ 
*“*WETALL” 
*“*FOGALL H” 
*““FOGALL C” 





A COMPLETE 
MAIN TREATMENT 


Prepare for Natural Gas 


“RUBBER CONDITIONER 


“TRON HYDROXIDE” 


Discuss your problems with our engineers 


GAS PURIFYING MATERIALS COMPANY, INC. 
3-15 26th Ave., Long Island City, N. Y. 


— Dust Removal 

— Liquid Phase Gum 
— Joint Sealing 

— Dust Laying 

— Hot Fogging 

— Cold Fogging 


— Rejuvenating Rubber 
Gaskets 1 


— Purification 

















steel, hot dipped, galvanized inside and out- company, commented at the time of intro- degree of recovery is claimed for the new 
side. The units are designed for installation ducing the heater. The lower temperature heater and tests of its performance have 





in one of three ways: Flush against the wall 
with horizontal flue position, with flue pro- 
jecting vertically through the back splash, 
with no flue but operating with a special 
draft hood. A bulletin describing this unit 
is included under “New Gas Appliance 
Bulletins.” 

Penfield Table Top Water Heater. John 
Wood Co., Conshohocken, Pa. 


RUUD’S TWO-TEMPERATURE 
WATER HEATER MEETS NEW 
SERVICE NEEDS 


An entirely new type of gas water heater, 
providing hot water at two different tem- 
peratures from a single tank was intro- 
duced during the Gas Appliance Manufac- 
turers Association exposition. One outlet 
provides 180° water, at the discharge, for 
connection to a separate line that is run to 
automatic clothes washer and dishwasher. 
A second source of water, 125° at the dis- 
charge, goes to other household faucets for 
general use. The manufacturer states that 
the 180° water, after heat losses due to ra- 
diation and the cooling effects of clothes 
and dishes, maintains an average water tem- 
perature, in the tubs, of 160 to 170°F. 

This two-temperature water heater was 





been run by a leading laboratory. The tank 
is made of monel metal. Eventual distribu- 
tion will be through plumber-dealers, gas 
utilities and LP gas distributors. 

Duo-Temp Laundrymaster. Ruud Manv- 
facturing Co., Pittsburgh. 


Restaurant ranges 


This new line of restaurant ranges fea- 
tures a new silicone-base finish in a granite 
gray. Improvements over preceding lines, 
as stated by the manufacturer, include re- 
designing for greater cleanliness and struc- 
tural strength, a high shelf with built-in 
flue, venting through the top, a one-piece 
stainless steel shelf plate and one-piece side 
panels with rounded edges. Legs are pro- 
vided with adjustment for height. A heavy- 
duty oven with heat control is provided. 
The valve panel, oven racks and manifold 
have been rearranged to provide greater 
convenience. Available as an extra is auto- 
matic lighting for oven and griddle burn- 
ers. Other finishes available: black japan, 
and stainless steel. 

Granite Gray Restaurant Ranges. De- 
troit-Michigan Stove Company, Detroit, 
Mich. 


developed to meet the special water de- This is the Ruud principle of delivering do- Two ranges 

mands that have been created by modern mestic hot water at two temperatures, 130 Two new 40-inch ranges were introduced 
home appliances. “The great popularity of and 180 F, to meet the new service require- last month by one manufacturer. Both 
the automatic clothes washer and automatic ments imposed by clothes and dish washers. ranges have simmer burners, mechanical 











dishwasher is changing the hot water re- 


timers, table top lights, two storage draw- 


quirements of the average home,” A. V. for ordinary household use is achieved by ers, and large size burner bowls. Cooking 
Cameron, president of the manufacturing a controlled mixture of cold water. A high tops on both are divided and the ovens and 








Protect Your Gas Supply | 
with a 


Peacock-designed L-P Gas Plant 


OU won't have to worry about interruptions 
in your gas supply, or meeting sudden peak 
load demands, when you have a Peacock-designed 


L-P Gas Plant as a standby 


Peacock L-P Plants are already protecting the gas 


supply of over So companies. We can engineer, 
design and construct a plant that will meet your 
specific requirements, in any capacity, for use with 


any type of gas. 


We'll be glad to work with your engineers, without 


obligation. 


We also install anhydrous ammonia bulk plants 


and equipment. 


Address Inquiries to 
PAUL E. PEACOCK, Jr., President 


Peacock Corporation 


P. O. Box 268, Westfield, New Jersey Westfield 2-6258 











AUTOMATIC 
INCINOR 


GAS-FIRED INCINERATOR 


A “MUST” in Homes with 


Automatic Heat 


A FULL-PROFIT LINE 
NO TRADE-INS 


INCINOR IS APPROVED BY 
A.G.A. LABORATORIES 


ACT NOW FOR 
COMPLETE DETAILS 


INCINERATION DIVISION 
BOWSER, INC., CAIRO, ILL. 
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oilers are 17 inches. Deliveries are sched- 
ed to start the week of August fourth. 








Universal Shelburne and Universal 
Whitehall Ranges. Cribben and Sexton Co., 
700 North Sacramento Blvd., Chicago 12. 


Indoor incinerator 


A new automatic gas-fired indoor in- 
cinerator has been designed to permit load- 
ing the unit, as household waste accumu- 
lates, and firing it, when it has been filled, 
under automatic burner control. No spe- 
cial preparation of refuse is necessary; 
garbage is drained in the usual way, 
wrapped and dropped into the incinerator. 
The new unit, which has been approved, 
also has been designed to harmonize with 
other basement appliances or if necessary 
in utility rooms and kitchens. The vent 





SIGMA 


CALORIMETERS 


Accurately RECORD calorific values 
of gases from 80 B.t.u.’s and up 


@ Provide reliable, 
trouble-free service 


@ Require little 
maintenance 


© Simple in design 
© Ruggedly built 
@ Free from continuously 


moving parts—except 
for chart drive 


© Low in cost 


Write for 
Detailed Catalog 


COSA 





pipe taps directly into the furnace flue 
without affecting furnace efficiency or op- 
eration. There are no moving parts, and 
operation is said to be quiet. The combus- 
tion chamber is surrounded by an attrac- 
tive outer casing. A baffle arrangement 
draws air in at the bottom of the unit and 
upward between the combustion shell and 
the outer casing. A controlled amount of 
air enters the incinerator at the top to dry 


— ee 





the refuse charge between firings and also 
provides combustion air during firing. A 








CORPORATION 


405 Lexington Ave., New York 17 


SNATIONAL REPRESENTATIVES FOR SIGMA INSTRUMENT CO., ENGLAND 
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venturi-type flue outlet produces a jet ac- 
tion. This action and the radiant shielded 
fiberglas insulation of the outer casing are 
said to be important factors in obtaining 
controlled combustion and maintaining a 
cool outer casing. The refuse does not 
smolder during the drying process. No 
flame touches the waste until the exterior 
burner control is set for the desired firing 
time. The manufacturer states that the con- 
tents are reduced to a powder-fine ash 
When the preset burning time has elapsed, 
a signal bell indicates that all gas, other 
than for the continuous pilot, has been 
turned off. The new incinerator is built 
for either automatic or manual gas firing. 

Gas Fired Indoor Incinerator. The Ma- 
jestic Co., Inc., Huntington, Ind. 


Incinerator 


Designed for residential or commercial 
use, this gas incinerator, in five models, is 
available in two- or four-bushel capacity 
and may be operated automatically or 
manually. It is said the incinerator quickly 
disposes of all garbage including large 
bones, rinds, flower stalks and pits, and con- 
sumes burnable trash such as food wrap- 
pings, wastepaper and cartons, discarded 
clothing and footwear. Suitable for base- 
ment or utility room installation, the man- 
ufacturer states the unit is easy to operate 
and will take wet or dry garbage through a 
top-opening door. It contains an automatic 
clock-timer which is dialed to the minutes 
of fire desired. 

Duo-Therm division, Motor Wheel Cor- 
poration, Lansing, Mich. 


























Now Y ou 


can | 


the tried and proven 


HEATH 


fa ll & Win ter 
GAS LEAK 


Roler Vile), 
SURVEY 
Developed Specifically 


S Zola olaslasl-tadicl melale| 
Industrial Areas 
WRITE <—3 
WIRE... 
OR PHONE 


HEATH 


SURVEY CONSULTANTS, INC. 


WELLESLEY, MASS. RICHMOND, MICH. 


“You Can't Sell Gas That Leaked Out” 



































A Draketown Propane Plant 
for every job! 


Whether your problem calls for a small 
package manually controlled jet job or an 
elaborate calorimetric tailor-made auto- 
matic installation—low or high pressure 
—whether in California, Maine, Canada 
or overseas; regardless of capacity or geo- 
gtaphic location, Draketown engineers 
with up-to-the-minute developments are 
at your service. Inspect the Draketown 
Plant in operation in your area. 


Your assurance of a good job 
Serving utility and industry for over thirty years 





DRAKE & TOWNSEND 


INCORPORATED 
Consulting Design Engineering Construction 
11 WEST 42ND STREET NEW YORK 36, N. Y. 
































How 


automatic 
controls 
and 
heating and 
air conditioning 
equipment 
work together 




















for best results 


AUTOMATIC CONTROL 
of HEATING and 
AIR CONDITIONING 


By JOHN E. HAINES 
Vice-President 
Minneapolis-Honeywell Regulator Company 


354 pages, 6 x 9, 200 illustrations, $6.75 


COVERS .. 
Electric-control 
Pneumatic-control 


AND CONTROL OF 
Domestic heating 
Unit heaters and unit 
ventilators 
Commercial central 
fan heating systems 
Commercial central- 
fan cooling systems 
Commercial refrigera- 
tion 
Radiant-panel heating 


Just 
Published! 


AMERICAN GAS JOURNAL 
205 East 42 Street 
New York 17, N. Y. 
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FOR REPAIRING BELL AND 
SPIGOT JOINT LEAKS... 


SKINNER-SEAL Bell 
Joint Clamp for stopping 
bell and spigot joint leaks 
under pressure. Gasket is 
completely sealed: at bell 
face by Monel Metal Seal 
band — at spigot by vul- 
canized gasket tip. 2”-42”. 


---AND BROKEN 
MAINS! 
SKINNER-SEAL split 
Coupling Clamp. One 
man can install in 5 to 
15 minutes. Gasket is 
sealed by Monel band. 
Tested to 800 Ibs. line 
pressure. 2” to 24” incl 


M.B. SKINNER CO.,SOUTH BEND 21, IND. 
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S . .. On pipe runs under streets, 
highways, pavement, gardens, etc. 


s 


REG. U. S&S. PAT. OFF. 


*% 


AVOID 
TIME 
WASTE 


Hydrauger is a modern, time- 
saving way to install under- 
ground pire ... avoids trench- 
ing, backfilling, pavement cut- 
ting, etc. 


[ 2” to 24” 


BITS and 
REAMERS 


HYDRAUGER CORP. Ltd. 
681 Market Street 
San Francisco, California 


ASK FOR BOOKLET 
. . » NO OBLIGATION 





Designed 


Kor 


INDUSTRY , 
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The growth of western indus- 
try is bringing an increased 
use for LP-Gas plants both for 
stand-by use as well as primary 
fuel supply. ALGAS, well 
known as pioneers in the LP- 
Gas industry is meeting this 
demand with LP-Gas plant 
equipment that is designed to 
meet the needs of every indus- 
try. Let our engineers give you 
the complete facts. 


AMERICAN LIQUID GAS CORPORATION 
1109 Santa Fe Avenue 
Los Angeles 21, California 
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BROOKLYN 


BETTER BUILT 


METERS 


-Skilled Workmanship 
-Costly Materials 
-Constant Research 


GUARANTEE 
Long Life 


Reduced Maintenance 
Measurement Accuracy 


REPAIRS - DIAPHRAGMS - PARTS 





BROOKLYN METER WORKS 


3908 Fourth Avenue 
BROOKLYN + 32 + NEW YORK 
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Today, write for your free copy of this NORMAC 
catalog ... complete with illustrations and 
specifications on the entire Normac Line of 
Couplings, Sleeves and Fittings. It’s a profi- 
table step in the cost-cutting direction. 


WORTON-McMURRAY MFG. CO. 
122 South Michigan Ave., Chicago 3 


Couplings © Meter Bars « Sleeves 
Cecks « Beli Joint Clamps e Service Tees and Ells 


























the “Know-How” 
you need for 


LP-Gas CONVERSIONS 


Butane-Propane 


POWER 
MANUAL 


This 330-page working handbook is 
crammed with step-by-step directions for 
converting gasoline engines to liquefied 
petroleum gases. Over 40 leading 
manufacturers of quality equipment 
cooperated with the author, Carl Abell, 
nationally known writer and lecturer on 
automotive subjects,to produce this 
authoritative guide. 


Made up into 6 parts with a total of 23 
chapters, the POWER MANUAL gives 
you the full story on LP-Gas carburetion. 


Part 1. The Basic Facts of 
Fuel and Power—4 Chapters 


Part 2. LP-Gas Carburetion— 
4 Chapters 


Part 3. Making the Conversion— 
9 Chapters 


Part 4. Installing and Adjusting LP-Gas 
Carburetors—2 Chapters 


Part 5. Maintenance and 
Trouble-Shooting— 3 Chapters 


Part 6. Bringing in the Business— 
1 Chapter 


Plus a complete appendix and handy 
tables in text, all completely cross-in- 
dexed for quick reference. 


It is easy to follow the instructions out- 
lined. They are written in every day 
language and supplemented with a gen- 
erous use of photographs, diagrams and 
engineering drawings. 


Handy pocket size with strong | 
flexible binding. Per copy, $350 
(in Calif. add 3% Sales Tax) 








Published by Butane-Propane News, 
Headquarters for LP-Gas 
Information Since 1931 


American Gas Journal 


05 E. 42 St., New York 17 


Please rush postpoid__ copies of the 
new Butane-Propane POWER MANUAL. 


1 enclose $_ _ in tell poyment 


NAME_ 





ADORESS 





city 
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PIPE LINE MEN everywhere are finding that 


Mummy-Wrap Coatings and Wrappers have out- 
standing advantages—features never before avail- 
able in pipe line protective materials 


WRITE TODAY FOR BULLETIN! 






























SPRAGUE METER 


Engineered for dependable long time ser 





ice, durable aluminum and cast iron cas 
| protect built-in accuracy. You can re 


on Sprague Meters, they are built to |a 


THE SPRAGUE METER COMPAN 
MAIN OFFICE and PLANT — BRIDGEPORT 4, CONNECT! 


BRANCHES: DAVENPORT, IOWA, HOUSTON, TEXAS, 
LOS ANGELES, CALIF., SAN FRANCISCO, CALIF. 





